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REDUCE PUMPING and 
TRANSMISSION COSTS! 


Builders Dall Flow Tube Cuts Head Loss 90% 
++. provides Maximum Power Savings! 


Dall Flow Tubes offer unsurpassed pressure recovery ... greatly reduced 
pumping costs over extended periods . plus adequate line pressure at 
distant points. Annual pump power savings can be approximated by enter- 
ing chart at bottom (at desired line size) ... tracing vertically to sloping 
flow line (maximum capacity) ... and reading actual dollar savings directly 
opposite this intersection at right of chart 


In addition, the low-priced, performance-proved Dall Flow Tube cuts 
initial, installation, and operating costs ... and provides a constant, stable 
discharge coefficient over a wide range. KEEP YOUR HEAD, save your 
money, by requesting free copy of Technical Bulletin 115-L3C today! 
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Write B-I-F Industries, Inc., Dept. U, 368 
BIE) Harris Ave., Providence 1, Rhode Island 
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FLUSH KLEEN 


Clog-Proof 
Sewage Pumps 


Solids Never Reach The Impeller, 
Resulting In... 


e Reliable pumping performance 


e Low maintenance . . . eliminates labor 
of unclogging pumps 


-@ Continuous 100% standby capacity 
e Longer pump life 


Proven Performance Verified By Over 
12,000 Installations. 


Engineering data available from Chicago 
Pump Company Distributors located in 
every principal city. 


Putting Ideas to Work 


Chicago 
Pump 
fO00 
Company 
622E Diversey Parkway e Chicago ta, Illinois 
© i958—CPCO 


|, Portland, Oregon 
Designed By and Thompson, 
Architect 
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SEWAGE AND INDUSTRIAL WASTES 


Evansville 
Again 
Selects 
P. F. T. 
Equipment 


Efficient and economical digester heating is 
provided by these two P.F.T. #1000 Heaters 
and Heat Exchangers. 


P.F.T. 75’ Floating Covers are installed on 
all four digesters. 


Progressive, growth-minded 
Evansville, Indiana, has selected 
P.F.T. equipment for its second 
sewage treatment plant—the 

West Side Plant. 

The citizens of Evansville are proud 
of their plant’s modern architectural 
design and the contribution it 

plays in the Ohio River Restoration 
Program. 

Equally proud is P.F.T. and the 

part we have played in having 
equipment in both the East Side 
Plant and now the new West 

Side Plant. 

P.F.T. equipment includes: Four 75’ 
Floating Covers, two #1000 
Digester Heaters and Heat Exchanger 
Units, four Liquidometer Cover 
Position Indicators, Supernatant 
Equipment and Gas Safety 
Equipment. 

We'll be glad to send complete 
information on any of the 
equipment used in this installation. 


Consoer, Townsend and Associates ¢ Consulting Engineers, Chicago 
waste treatment equipment 
exclusively since 1893 


PACIFIC FLUSH TANK co., 4241 Ravenswood Ave., Chicago 13, Ill. 
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SEWAGE AND INDUSTRIAL WASTES 43a 


Dispose of Sewage Sludge 
the Modern Way 


FLASH DRY | 
INCINERATE IT... 


PROPORTION . 


a versatile C-E Ray ond System 


The widespread acceptance of the C-E Raymond System 
is based on its solid advantages. This compact system com- 
bines the principles of Flash Drying and Incineration in a 
unit in which filter cake can be reduced to a sterile ash... 
or flash-dried to a salable fertilizer and soil conditioner. 
Revenue from the latter is often sufficient to pay a sub- 
stantial part of plant operating costs. 


Either operation can be performed alone, or combined 
in any desired proportion. Effective high-temperature 
deodorization of stack gases is available for both processes. 


A C-E Raymond System can mean an end to your com- 
munity’s sludge disposal problems... as it has in munici- 
palities across the nation. Contact the Combustion office 
nearest you for specific recommendations. A C-E specialist 
will be glad to discuss your requirements and help plan an 
installation with you or your consultants. B-998A 


COMBUSTION ENGINEERING 


RAYMOND DIVISION, 1315 “orth Branch Street, Chicago 22, Illinois 
Eastern Office: 200 M.c-son Avenue, New York 16, N. Y. 
Western Office: 510 Wiu:: Sixth Street, Los Angeles 14, Cal. 

Canada: Combus!:« Engineering-Superheater Ltd. 


ALSO FLASH DRYING AND INCINERATION SYSTEMS FOR INDUSTRIAL WASTE DISPOSAL 
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FSIWA MEMBER ASSOCIATIONS 


Water and Sewage Assn.* 
J. Frnnect, Jr., Act.-Sec., Univ. of Alabama, 
niversity, Ala 


Arizona Sewage and Water Works Assn.* 


Stanrorp |. Rota, Sec.-Treas., 813 Jefferson St., 


Phoenix, Ariz 
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ye. A. E. Berry, Sec.-Treas., Administrative Of- 
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North Dakota Section* 


W. Van Hevuveten, Sec.-Treas., c/o State Dept. of 
Health, Bismarck, N. Dak. 


South Dakota Section* 
Don ( Kapa, Sec.-Treas., c/o Div. of San 
Engr., State Board of Health, Pierre, S. Dak. 


Federal Sewage Research Assn. 
Hoxtye, Sec.-Treas., Public Health Service, 
Rm. 4123, South HEW Bidg., Washington 25, 
b. ¢ 


Florida Sewage and Industrial Wastes Assn. 
ARTHUR R. Finney, Jr., Sec.-Treas., 4801 S. W 
117th Ave., Miami 55, Fla 


Georgia Water and Sewage Assn.* 
\ Storey, Sec.-Treas., 1210 Hemphill Ave., 
N.W Atlanta, Ga 

(Germany) Abwassertechnische Vereinigung 
Otro Sec.-Treas., Theaterstrasse 24, 
Bonn, Germany 

Indiana Sewage and Industrial Wastes Assn. 
Frank D. Wratcut, Sec.-Treas., St. Dept. of 
Hith., 1 W. Michigan St., Indianapolis 7, Ind 

Institute of Sewage Purification 
W. | Snook, Sec., 10, Cromwell Place, South 
Kensington, London, §. W. 7, England 

Institution of Public Health Engineers 
RNEST V. Batsom, Sec., 118 Victoria St., West- 
minster, S. W. 1, London, England 

Iowa Sewage and Industrial Wastes Assn. 
L Skorczeskt, Sec.-Treas., 207 South 15th 
Ave., Marshalltown, Iowa 

Israel Assn. of Sewage Engineers 
Eviezer BALasnwa, Sec., c/o Technion, Israel Inst. 

Tech., P. O. Box 491 Haifa, Israel 

Kansas Sewage and Industrial Wastes Assn. 
James F. Arken, Sec.-Treas., 1900 East 9th St., 
Wichita, Ka 

Kentucky-Tennessee Industrial Wastes and 

Sewage Works Assn. 

S. Leary Jones, Sec.-Treas., 602 Cordell Hull 
Bldg., Nashville 3, Tenn 

Loulsiana Conference on Water Supply and 

Sewerage 

Georce H. West, Sec.-Treas., P.O. Box 15, Water 
Dept., Lake Charles, La 

Maryland-Delaware Water and Sewage Asan.* 
W BiInGLeEy, Sec.-Treas., 2411 N. Charles St., 
Baltimore 18, Md 


Michigan Sewage and Industrial Wastes Assn. 
D Prerce, Sec.-Treas., Michigan Dept. of 
Health, Rm. 331, Admin Bldg. Lansing 4, Mich 

Mississippi Sewage and Industrial Wastes 

Assn, 
New G. McMaunon, Sec.-Treas., Mississippi State 
Board of Health, Jackson, Miss. 


* Sewage and Industrial Wastes Section. 


Missouri Water and Sewerage Conf.* 
Warren Kramer, Sec.-Treas., Mo. Water & Sew- 
erage Conf., 400 St. Off. Bldg., Jefferson City, Mo 


Montana Sewage and Industrial Wastes Assn. 
W. Crarkson, Sec.-Treas., Div. of Environ 
Sanit., State Board of Health, Helena, Mont 


Nebraska Sewage Wastes Assn. 
\ LECHTENBERG, -Treas., 2549 Farnam St., 
Omaha 31, Nebr. 


New England Sewage and Industrial Wastes 
Asean. 
Eart R. Howarp, Sec.-Treas., een of Public 
Works, 115 Broad St., i artford, Conn 


New Jersey Sewage and Industrial Wastes 
Assn. 
Antuony T. Leaney, Sec.-Treas., P. O. Box 32, 
West Trenton, N. J 


New York Sewage and Industrial Wastes Assn. 
RatpH C. Sweeney, Sec., c/o State Dept. of 
Health, 55 Church St., White Plains, N. 


New Zealand Sewage and Industrial Wastes 
Assn. 
Ronatp Hicks, Sec., Auckland Metrop. Drain 
3d., C. P. O. Box 208, Auckland C. 1, New 


Zealand 


North Carolina Sewage and Industrial Waste 


BRANNOCK, Sec.-Treas., Water and Sewage 
1703 Woodland Ave., Burlington, N. C. 


Ohio Sewage and Industrial Wastes Treatment 
Conf. 

Warp E. Conran, Sec.-Treas., Div. of San. Engr., 

Dept. of Hith., 101 N. High St., Columbus 15, ¢ 


Oklahoma Water, Sewage and Industrial Wastes 
Conf.’ 
H. M. Crane, Sec.-Treas., 3400 Northeastern, 
Oklahoma City 5, Okla. 


Pacific Northwest Sewage and _ Industrial 
Wastes Assn. 
Gitpert H. Dunstan, Sec.-Treas., P. O. Box 176, 
Pullman, Wash 


Pennsylvania Sewage and Industrial Wastes 
Assn. 
J. R. Harvey, Sec.-Treas., c/o Pennsylvania Dept. 
of Health, 996 So. Main St., Meadville, Pa 


Puerto Rico Water and Sewage Works Assn. 
Ropert J. Autp, Sec.-Treas., Espana 2015, Ocean 
Park, Santurce, P 


Rocky Mountain Sewage and Industrial Wastes 
Assn. 
Verne E. Pratn, Sec.-Treas., P. O. Box 149, 


Englewood, Colo. 


South Carolina Water and Sewage Works 
Assn.* 
Rosert N. Bowen, 417 Wade Hampton Bldg., 
Columbia, S. C 


(Sweden) Fireningen Fir Vattenhygien 


Erik Jonsson, Sec., Box 5038, Stockholm 5, 
Sweden 


(Switzerland) Verband Schweizerischer Abwas- 
serfachleute 

Pierre Sec., 
Switzerland 


Hegemmatt 28, Zurich, 


Texas Water and Sewage Works Assn.* 
V. M. Enters, Sec.-Treas., 2202 Indian Trail, 
Austin, Tex 


Utah Sewage and Industrial Wastes Assen. 
Howarp Hurst, Sec.-Treas., 479 Harvard Ave., 
Salt Lake City 11, Utah 


Virginia Industrial Wastes and Sewage Works 
Assn. 
Orvat J Sec.-Treas., Hercules Powder Co., 
Hopewell, 


West Virginia Sewage and Industrial Wastes 
Assn. 
Giexn O eae, Sec.-Treas., State Dept. of 
Health, Charleston 5, W. Va 
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For Columbus’ new expansion to 120 mgd.... 


Plant Manager, James H. Blodgett, and Uhimann 
Associates, consulting engineers, faced tough 
problems in doubling the capacity of a pre- 
viously expanded activated-sludge plant. 


To get top plant performance, the complex 
instrumentation—both old and new—would 
have to be pulled together. Twenty year 
old meters would have to be modified, re- 
built, or replaced to work alongside today’s 
improved models, telemetering total influ- 
ent for the entire expanded plant to one 
central control point. 


Here’s why Simplex was selected to solve 
these problems. Simplex redesigned and 
will rebuild the old venturi tube receivers 
to perform dependably and accurately 
alongside the newest venturi tubes and 


meters—specially engineered by Simplex to 
Columbus’ exact requirements. From this 
integrated system of old and new units 
spread over a big plant area, Simplex 
Orthoflow® will electrically transmit vital 
influent data to one central control point 
—instantly, accurately. 


Your Plant. We'll gladly help you in expand- 
ing your old plant or planning a new one. 
Write today outlining your problem. 
Simplex Valve & Meter Company, Dept. 
S1-29, 7 East Orange Street, Lancaster, Pa. 


SIMPLEX 


VALVE AND METER COMPANY 
A subsidiary of PFAUDLER PERMUTIT INC. 
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MEMBER ASSOCIATION MEETINGS 


Association 
Texas Water and Sewage Works Assn. 
Mississippi Sewage and Industrial 
Wastes Assn. 


New Jersey Sewage and Industrial 
Wastes Assn. 


Arkansas Water and Sewage Conf. 


Louisiana Conf. on Water Supply and 


Sewerage 


Montana Sewage and Industrial Wastes Assn. 


Virginia Industrial Wastes and Sewage 


Works Assn. 


Arizona Sewage and Water Works Assn. 


Kansas Sewage and 


(Change in Location) 


California Sewage and Industrial Wastes 


Assn. 


lowa Sewage and Industrial Wastes Assn. 


Industrial Wastes Assn. 


Place 
Texas A & M College 


College Station, Tex. 


Robert E. Lee Hotel 
Jackson, Miss. 


Traymore Hotel 
Atlantie City, N. J. 


Marion Hotel 
Little Rock, Ark. 


Louisiana State Univ. 
3aton Rouge, La. 


Hotel 


Glendive, Montana 


Jordan 


The Mimslyn 
Luray, Va. 


Hi-Way House Hotel 
Phoenix, Ariz. 


Hotel 
Pittsburg, 


Besse 


Kans. 


Lafayette Hotel 
Long Beach, Calif. 


Hotel 
Cedar Rapids, Iowa 


Roosevelt 


11-13, 1959 


. 16-18, 1959 


. 18-20, 1959 


Apr. 


Apr. 


Apr. 


Apr. 


Apr. 


June 


9-11, 1959 


13-14, 1959 


16-18, 


99-94 
oo et, 


May 2, 1959 


17-19, 1959 


THIRTY-SECOND ANNUAL MEETING 


Federation of Sewage and Industrial Wastes Associations 
Host—Sewage and Industrial Wastes Section, 
Texas Water and Sewage Works Association 

Statler Hilton Hotel, Dallas, Texas 


Technical Meetings and Exhibits—Dallas Memorial Auditorium 
October 12-15, 1959 
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SEWAGE AND INDUSTRIAL WASTES 


The precision fit and unique 
joint harness cut the diver's 
work to a minimum. 

The absence of metal in 
the joints pays real dividends 
in long life. 

Job pictured is a pressure 
sewer at Long Key, Pinellas 
County, Florida. 


P.S. Write for details of 


the big subaqueous pipe we 
Engineer: Russel & Axon, Daytona Beach 


made in Managua, Nicar- Prime Contractor: J. E. Milam, Birmingham 
agua, last summer! Sub Contractor: Powell Brothers, Ft. Lauderdale 


Another Quality Product from 
Vulcan Materials Company 


s 
' Concrete Pipe Division 
P.O. BOX 6226 STATION H ATLANTA, GEORGIA TEL: JAckson 4-6243 
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YOU FOR ~~~ | 
INFORMATION 
/ 
waste treatment, whether for a ae 
new installation, or for modern- 
ization and expansion of an 2 VA 6.2293 1 | CR 9-1568 
existing plant. 7882 


You will benefit by using the \ 
facilities of an organization 
with more than 60 years of \ 
experience. \ 
OL 4-4553 
Specialists in each type of » «© \ 


treatment together with the Atsuavenaue 
x “$281 PHOENIX HONE: 2.7863 
services of anextensive research 
and development department 

* TUCSON 


are ready to serve you and your 
Consulting Engineer Use them 
to obtain PLUS values—supe- 
rior performance and savings 


MA 3.5401 
(General Offices e 


NOGALES 
PHONE: 675 | 


in installation and operation. 


INFILCO offers a complete line 
of proven equipment for: 


Clarification Aeration 
Softening Flotation 
Filtration Commutation 
INFILCO INC. lon Exchange Biological Treatment 


General Offices Atomized Drying and Incineration 


Tucson, Arizona 
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HOPKINS 
WE 5-388! 
MINNEAPOLIS 


WA 7.9731 — 


MILWAUKEE DEARBORN 9.9000 


* 
KANSAS CITY cuncinnat! 


e we 4-2616 


WASHVILLE 


DECATUR 
po 6-3209 


WINTER PARK 
4-9974 
* 


HOUSTON 
HO 5-9662 


IN CANADA IN MEXICO 
CALGARY —CH 4-071 | GUADALAJARA — 
EDMONTON — PHONE: 44191 | Apartado Postal 469 
WINNIPEG — WH 3-3531 | mexico city 4— 

SAINT JOHN — PHONE: 3-2541 | PHONE: 46-22-66 


TORONTO — BA 5-1526 
NOGALES (ARIZONA) — 
MONTREAL— HU 86911 | "PHONE: 
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In South Bend’s multi-million dollar sewage 
treatment plant and disposal system — 


ov 


American Cast Iron Pipe and Fittings 
help solve a river pollution problem 


A million pounds of American Cast [ron 
pipe and fittings were specified for South 
Bend, Indiana’s, modern sewage treat- 
ment plant. Part of a long range sewage 
disposal improvement program, its com 
pletion has helped overcome a_ serious 
river pollution problem. 

American Cast Iron pipe and fittings 
help overcome problems in many other 
areas as well. Where the need for long 
trouble-free service life must be met with 
economy, the proven strength, long life 


corrosion resistance, and high flow capa- 


BIRMINGHAM 


city of American Cast Iron pipe provide 
the right answer. 

In your new plant or system, as in 
South Bend and thousands of other sew- 
age, water treatment, and industrial in- 
stallations, American Cast Iron pipe, 
fittings and specials help solve today’s 
most common problem long range op- 
erational economy 

Call your nearby American Cast Iron 
Pipe Company representative for helpful 
facts while your new plant or addition is 


in the planning stage. 


SALES OFFICES 
New York City + Dallas 


ERICAN 


Pittsburgh Orlando 


| CAST IRON CO. Minneapolis Cleveland 


ALABAMA Birmingham 
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Homestead Lubricated Plug Valves controlling digested sludge to vacuum filters. 


Sewage plants make important savings in 
maintenance costs with Homestead Valves 


Pump overloading resulting from re- of trouble-free, low cost service. 

stricted port area valves is eliminated Write today for complete information 

by the 100°% pipe area of Homestead on how Homestead Valves can help 

Lubricated Plug Valves. you achieve lower maintenance costs. 
This, coupled with Homestead’s 

controlled pressurized lubrication and 

positive chemical seal, results in years 


Please send me catalog on Homestead Lubricated 
Plug Valves. We are interested in this specific 
application: 


Name 


Street 


HOMESTEAD VALVE MANUFACTURING COMPANY 
P.O. Box 48 @ Coraopolis, Pennsylvania 
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Now select ““K&M” Sewer Pipe that 
exactly meets the requirements of 
soil conditions. 


These five new crushing strengths in a 
variety of sizes by “K&M” bring sewer- 
pipe specifications closer than ever to 
pinpoint accuracy. 


Never before have you been able to 
match so exactly the requirements of 
different laying conditions. Now you 
can “K&M” Asbestos-Cement 
Sewer Pipe to suit the depth of cut, 
the width of trench, the weight of the 
soil, and the manner of bedding. 


select 


FREE NEW BOOKLET on "‘K&M" 
Asbestos-Cement Sewer Pipe 
includes crushing-strength ta- 
ble based on Marston formula, 
plus other information to help 
you specify gravity sewer pipe. 
Send for it today. 


“Fluid-Tite’ Coupling connects 
pipes of varying strengths. Assem- 
bles in any weather. 


You can use more realistic safety fac- 
tors... attain greater over-all economy 

. Minimize over-buying and costly 
concrete Select “K&M” 
Asbestos-Cement Sewer Pipe specifi- 
cally designed to fit your job. 


encasement. 


KEASBEY & MATTISON 


COMPANY AMBLER PENNSYLVANIA 
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Its HERE! 


25-Year Protection 
on Pneumatic Ejectors 


Only Yeomans dares to back 
specifications with this 


Cwenty-Five Year Warranty 
Subject to the limitations contained, YEOMANS = ponent of material, transportation prepaid. before accept 
BROTHERS COMPANY warrants its mechanically 2 clawn, Ip no event shail YROMANS BROTHERS 


controlled Shone Pneumatic Ejector against defects COMPANY be responmbie or held for 
or 


for t ty five nstallation as specif 
factory recommendations. The Company's responsibility 
ths twenty five year warrant y hmited replacing 


or repairing without charge, fob. ite works, any of the 

following components: sewage on w wte) reariyer, mechani 

au and exhaust control and the Shone miet and dis- 

charge check valve. All other parté are subject to the or approval of the Company 

manufacturer's warranty of one year This Warranty is in bea of all other warranties, exp 


Written notice must be given to the Company or imphed, and » vey of all other ebhgations ar 
ately upon discovery of any defect. Th Company shall ties on the part of the Company No other person ® author 
ve the option of requiring the return of a defective com- 7e oF provwons hereof in any respect 


YEOMANS BROTHERS COMPANY 


YEOMANS 


This is the SHONE* with mechanical 
controls. It is the original pneumatic 
ejector. The first SHONE’ was 
installed in 1870. 


WORLD'S LARGEST AND BEST LINE OF PNEUMATIC EJECTORS 


Si 

\ 

: 

long-term warranty... 

: 

a 
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1999-7 North Ruby Street, Melrose Park, Illinois 

j 
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WHEN WATER MEANT DRUDGERY! The water our 
ancestors used was as difficult to come by as 
it was doubtful in quality. 


TODAY'S HOUSEKEEPER, served by «a 
modern American water system, finds 
the water she needs—clean nure water— 
at her fingertips 


FOR WATER, SEWERAGE AND 
U. S. PIPE AND FOUNDRY COMPANY 
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but better than ever today ! 
Modern technology plus mine-to-line control 
insures top quality of U.S.Cast Iron Pipe 
Our water today is made so universally pure and wholesome no 2 
American ever doubts its quality. 


This is a tribute to the forward-looking water officials who plan and 
E | administer the nation’s water systems...and their suppliers. 


For example, U.S. Pipe controls every step from mining to shipping 
...uses every possible quality check to make sure its aa 
product measures up to the heavy responsibility placed on it. 


This close and painstaking supervision insures the unvarying high 1% 
quality and dependability of U.S. Pipe—both indispensable to a ey 
product that plays so big a part in protecting the nation’s health. 


| 
GOOD PIPE BEGINS HERE At one of PIPE TAKES SHAPE... Molten iron in TESTING — 
U.S. Pipe’s mines near Birming- this rapidly rotating mold assumes are periodically subjected to more 
ham, where high grade coking coal, its form as pipe-one of many manu- brutal treatment in laboratory than 
essential to quality, is mined. facturing steps. they will receive in normal service. 


® 
INDUSTRIAL Service (RCD 


Birmingham 2, Ala. A wholly integrated producer from mines and blast furnaces to finished pipe. 
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Ramuc™ Utility Enamel protects 
ceiling and walls of tunnel 
connecting pump and control 
building with digester building. 
Floor painted with Ramuc Floor 
Enamel. Despite dampness, 
mildew and condensation, 
Ramuc’s smooth tile-like finish 
won't discolor, stays attractive 
for extra maintenance-free years. 


INDUSTRIAL WASTES 


Specified for new 9-MGD 
Westerly Sewage Plant, 
Altoona, Pennsylvania 


Altoona, Pennsylvania, was one of the first U.S. 
cities to install and maintain proper sewage 
facilities. With the new, efficient Westerly plant, 
designed by Albright & Friel, Inc., Consulting 
Engineers, Philadelphia, Pa., Altoona continues 
to show outstanding progress in the sewage 
works field. 

Inertol coatings specified for the Westerly 
plant assure long-term, low-cost protection... 
easy-to-clean, attractive surfaces that withstand 
severe sewage plant conditions. Buy Inertol 
paints direct from the manufacturer. Shipment 
within three days from our plant, or from nearby 
warehouse stocks. For complete information 
about Inertol coatings, write today for free 
“Painting Guide’”—an important tool for Design 
Engineers, Specification Writers and Plant 
Superintendents. 

Ask about Rustarmor®, Inertol’s new hygro- 
scopically controlled rust-neutralizing paint. 


SPECIFICATIONS FOR RAMUC UTILITY ENAMEL 
A glossy chlorinated natural rubber-base coating in 
color for nonsubmerged concrete, steel and indoor 
wood surfaces. 

CONCRETE SURFACES 

Colors: Color chart 560. 

Number of coats: One coat of Ramuc Utility Enamel 
over two coats of Ramuc Utility Undercoater. For a flat 
finish, apply two coats of Ramuc Utility Enamel Flat to 
bare masonry —omit undercoater. 

Coverage: 25() sq. ft. per gal. per coat. 

Approximate mil thickness per coat: 1.2. 

Drying time: 24 hours. 

Primer: Ramuc Utility Undercoater (2 coats). 
Thinners: Inertol Thinner 2000-A for brushing; 2000 
for spraying. 

Application: Brushing: Ramuc Utility Enamel—brush 
type: as furnished. Spraying: Ramuc Utility Enamel 
spray type: add sufficient Thinner 2000 for proper 
atomization 


Write for Ramuc specifications for steel surfaces, and 
for Ramuc Floor Enamel specifications) 


INERTOL CoO., INC. 


A complete line of quality coatings for sew- 

age, industrial wastes and water plants. 
482 Frelinghuysen Avenue 27-H South Park 
Newark 12, N.J. San Francisco 7, Calif. 
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Twin HEATX units provide automatic digester tempera 
ture control plus building heat, at Aurora Sanitary 

District's recently expanded plant, Aurora, Illinois 
These 500,000 BTU/hr. units include automatic fuel make 

Ba up with natural gas when digester gas pressure is low 


Waiter E. Deuchier Co. Aurora, illinois Consulting Engineers 
W.A. Sperry - Superintendent Aurora Sanitary District 


Automatic digester temperature control @ 180°Boiler heat for building heat 


HEATX 


140° Exchanger temperature prevents sludge caking 
Adaptable to waste heat utilization 
Exclusive rifled sludge return bend castings 


Maximum efficiency using digester gas and/or natural gas or fuel oil 


The Walker Process HEATX provides the complete unit for 
your digester sludge heating process. Concentric tube heat 
exchanger, fire tube boiler and control panel are combined 
to give absolute control over each function. Exclusive rifled 
sludge return bend castings cause sludge to spiral through 


WALKER PROCESS 


the exchanger tubes — better K value — wall scouring pre- 
vents slime and grease adhesion. @ The HEATX is avail- 
able in standard sizes ranging from 100,000 to 2 million 
BTU/hr. output. Bulletin 24 S82 gives complete descrip- 
tion of type EB (with boiler) and type E (without boiler) 


QUIPMENT INC. 


FACTORY ¢ ENGINEERING OFFICES « LABORATORIES 
AURORA, ILLINOIS 
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New Campaign 
Digest Dramatizes 
America’s Water Problem 


Cast Iron Pipe Research Association promotes better understanding 
of water supply and distribution problems 


Offers Informative Booklet for Step-by- 
Step Action at the Local Level 
Here’s help for you and everyone else 
directly concerned with the supply, 
treatment and distribution of water — 
help that will acquaint the people in 
your town with the vital importance of 

this growing problem. 

On the opposite page you see the first 
in a series of advertisements, this one 
appearing in February Reader’s Digest. 
Placed by the Cast Iron Pipe Research 
Association, these striking advertise- 
ments point out to Mr. and Mrs. Amer- 
ica how much we depend on a good water 
system and why we can no longer take 
it for granted. 

Similar advertising will appear regu- 
larly this year in U. S. News & World 
Report, Nation’s Business, Better Homes 
& Gardens, American Home and Sunset 
magazines to carry this public service 
message to millions of community lead- 
ers and homeowners. 

Free Local Plan-of Action Booklet 
These ads offer a free booklet telling 
about the water problem. It shows how 
responsible citizens can acquaint them- 


selves with the needs of their commu- 
nity. It also gives a step-by-step outline 
of action, telling how they can help their 
officials extend and improve the local 
water system through more adequate 
rate structures or financing. 

We'll be happy to send you a free 
copy of this new booklet. Write to Thos. 
Wolfe, Managing Director, Cast Iron 
Pipe Research Association, 3440 Pru- 
dential Plaza, Chicago 1, Ill. 


Three reasons why cast iron pipe is 
America’s greatest water carrier: 


1. More miles of underground cast iron 
water mains are now in use than of all 
other kinds of pipe combined. 


2. More miles of cast iron water mains 
are now being purchased and laid than 
of any other kind of pipe. 


3. Impartial surveys prove that today’s 
water utility officials and consulting engi- 
neers prefer cast iron pipe for under- 
ground water distribution by an over- 
whelming majority. 


CAST IRON PIPE 
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fre NEW, It's from 


e increases oxygen 


absorption 


® reduces sludge clogging 
® cuts plant costs 


Higher effective oxygen utilization—up to 
50% compared with 5 to 6% in conventional 
systems—enables the new D-O Aerator to 
meet increased demands of the more con- 
centrated activated sludges in today’s bio- 
logical sewage processes. 

It’s a brand-new design, proved by exten- 
sive pilot and operating plant work. Basic 
elements are high efficiency turbine type 
impellers and sparge rings for introducing 
air under the’ lower impeller. The sparge 
ring design virtually eliminates problems 


associated with conventional diffusion type 
equipment. Turbine aeration does not 
depend on constriction to produce small 
bubble size. There is less possibility of clog- 
ging, dead areas and short circuiting of sew- 
age in the event of high entrance velocities. 

What’s more, overall installed costs are 
lower than those of conventional units. The 
new D-O Aerator can be adapted to a vari- 
ety of tank sizes and installed in existing 
tanks. For more information write to 
Dorr-Oliver Incorporated, Stamford, Conn. 


STAMFORD 
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A METHOD OF STARTING HIGH-RATE 
DIGESTERS * 


By E. ALAN CASSELL AND CLAIR N. 


SAWYER + 


Teaching Assistant and Professor of Sanitary Chemistry, Respectively, Massachusetts Institute 


of Technology, Cambridge, 


Many difficulties have been experi- 
enced when attempting to initiate di- 
gestion in conventional digesters. Even 
greater difficulties would be expected 
to occur in high-rate digestion. 

All high-rate digestion studies 
far reported, whether laboratory, pilot 
plant, or plant scale, have been con- 
ducted with the benefit of ample seed- 
ing with digested sludge. Plant-seale 
operations conducted by Blodgett (1) 
were started with the tank two-thirds 
full of digesting sludge. In many new 
digested not 
readily available; therefore, informa- 
tion on how to initiate high-rate sludge 
digestion without benefit of seeding 
sludge is needed. Also, it is to be ex- 
pected that regulatory agencies and 
designing engineers will weleome proof 
that high-rate digestion units can be 
placed into satisfactory 
Within a reasonable time. 


So 


installations sludge is 


operat ion 


The studies reported in this paper 
were designed to investigate the possi- 
bility of starting high-rate digesters at 
detention times and solids loadings in 
the range of what might be expected 
at the beginning of the design period. 
A major objective was to determine 
whether a sustained load could be 
treated satisfactorily and yet allow the 

* Presented 
New 


at the 1958 Spring Meeting, 
England Sewage and Industrial Wastes 
Assn.; Gardner, Mass.; June 4—5, 1958, 

+ At present, Associate and Director 
Research, Metcalf and Eddy, Boston, Mass. 
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Mass. 


development of normal digestion while 
accommodating all sludge from a treat- 
ment plant. The study was restricted 
to a system employing only primary 
digesters; consequently, there was no 
opportunity to back-feed seeding 
sludge from secondary units. The use 
of primary digesters alone was consid- 
ered to provide the most adverse condi- 
tions possible. 


Experimental Plan and Procedure 


For these studies, it was decided to 
use a sludge consisting of a mixture 
of raw and activated sludges. Such 
material was available at the sewage 
treatment plant at Leominster, Mass. 
It was further decided to the 
sludge in the preliminary studies at 
the solids concentrations it 
occurred when collected from the 
sludge pumps. 

Three studies were 
ducted consecutively, each series being 


use 


same as 


separate con- 
used as the basis for those following. 
The investigations were conducted in 
the following order : 


1. The Phase I study dealt with de- 
termining the minimum practical de- 
tention times which would allow the 
initiation of digestion both with and 
without pH adjustment. 

2. The Phase II study was designed 
to find the most beneficial additive for 
adjustment during the initial 


stages of sludge digestion. 
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FEEDING 
FUNNEL 


GAS RECIRCULATION 


=) 


GAS METER 


CONDENSATE 
TRAP 


& 
HYDROGEN SULFIDE 
SCRUBBER 


GAS SAMPLING 
COCK 


FIGURE 1.—Schematic layout of sludge digestion units. 


3. The Phase If] study was to de- 
termine the effect of solids loadine on 
starting digesters when the pH 
controlled 
The three 
with laboratory 


Was 


conducted 
maintained 
at a temperature of 33 to 35°C 
having effective eight 
The digester contents were con- 


studies were 
digesters 
and 
capacities of 
liters. 
tinuously mixed by gas recirculation to 
maintain a mixed liquor condition at 
all times. Sludge additions and with- 
were made through special 
inlets and outlets in a manner which 
minimized the entrance of air into the 
Figure 1] schematic 
diagram of the laboratory digesters. 


drawals 


system. shows a 

Supplies of primary sludge consist- 
ing of the and activated 
mixture were collected at about 
week intervals. The sludge was stored 


raw sludge 


two- 


at 4°C and before feeding it was 
warmed to about 35°C. 
All digesters were initially filled 


with raw sewage and, after one day 
had elapsed, attained operating tem- 
perature (33-35°C). As soon as the 
reached, 


sludge 


operating temperature 
daily additions of 
started and 


Was 
raw were 
for the dura- 
tion of each study. Sludge mixtures 
withdrawn daily from all di- 
gesters in volumes equal to the raw 


maintained 
were 
sludge fed immediately before charg- 


ing the raw sludge to the digesters. 
All analyses were conducted in ae- 


cordance with ‘‘Standard Methods’ 
(2 

Experimental Results 
Phase I 


digesters were fed 
different volumes of identieal raw 
sludge to allow theoretical detention 
times of 10, 15, 20, and 30 days to be 
studied. The full daily quota of raw 
sludge was fed from the first day until 
the end of the study. 


Four laboratory 


The sludge was 
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fed as obtained from the sewage treat- 
ment plant source, with no attempt 
being made to control the variations 
in solids concentration. The character- 
istics of the raw sludge are presented 
in Table I. 

Within 10 days after the first sludge 
addition, the pH values of all digesters 
were below 6.0 (Figure 2). Within 
20 days the volatile acids concentra- 
tion had built up and stabilized at 
concentrations varying from 2,000 to 


4,000 mg 1 as acetic acid. Highest 
volatile acids concentration ob- 


served in the digesters with the lowest 
detention times. Only small quantities 
of gas were produced. 

The daily feeding schedule was 
maintained for 52 days in the digesters 
with detention times of 10 and 20 days, 
and for 83 days in the digesters with 
detention times of 15 and 30 days. 
The **sour’’ condition which developed 
during the first 10 days persisted for 
the duration of the study. Thus, 
under conditions of complete mixing, 
it appeared that the minimum deten- 
tion time required for the initiation of 
sludge digestion without the benefit of 
pH control was in excess of 30 days 
when full loading was maintained. 

Calcium hydroxide was added for 
pH control to the 10- and 20-day de- 


HIGH-RATE DIGESTER START-UP 


TABLE I.—-Raw Sludge Characteristics 
in Phase I Study 


Period Covered 
(days from pH 
beginning) 


Volatile 
Solids 


(per cent) 


Total Solids 
(per cent) 


1-13 5.6 2.72 70.3 
14-21 5.7 1.91 83.5 
22-29 5.3 3.10 81.5 
30-42 5.3 2.68 85.5 
43-46 5.3 4.00 78.4 
47-59 5.3 2.82 79.1 
60-74 5.3 2.57 73.9 
75-835 5.5 2.68 4904 

Weighted Avg 2.74 70.3 


tention time digesters on the 52nd day. 
Unfortunately, twice the quantity of 
lime required to adjust the pH to 7.0 
was added. The results obtained were 
felt to be inconclusive ; however, there 
were some indications that a detention 
time of 20 days was about the mini- 
mum which would allow starting a di- 
gester under favorable pH conditions. 

In actual practice, are 
overdesigned for present needs, in an- 
ticipation of increasing quantities of 
sludge in the future. A high-rate di- 
gester designed for an ultimate 10-day 
detention time would probably provide 
a detention time of approximately 20 
days when first put into operation. 
This consideration, coupled with the 


digesters 


30 DAY DET. Ti 
20 DAY DET. Time 


TIME — DAYS 


FIGURE 2.—pH trends in Phase I studies. 
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results obtained in the Phase I studies, 
resulted i a the 


with 


decision to conduct 


remaining studies on digesters 


20-day detention times. 


Phase 


Four laboratory digesters were filled 
with sewage and fed volumes of identti- 
cal sludge to provide detention times 
As the the 


studies, attempts were 


of 20 days. 


Phase | 


Was case in 


ho 


made to control the solids variation in 
the raw sludge. The characteristics 
of the raw sludge are presented in 


Table Il 
Additions of 
were 


various alkaline agents 
the pH be- 


in three digesters. 


made to maintain 


tween 6.7 and 7.2 
pi control was maintained by use of 


the following alkaline agents: 


1. High calcium lime 
2. High 


cent 


(Ca(OH 2 
magnesium lime 
MgQ). 


3. Ammonium hydroxide. 
The fourth digester, in which no pl 


adjustments 
control. 


(36-per 


were made, served as a 
Approximately 10 days after 
initiated, the di 
was sour and remained in this 
condition for the duration of the study. 
During the early period the volatile 


(Figure 3) 


feeding was control 


vester 


acids concentration 
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TABLE Raw Sludge Characteristics 


in Phase II Study 


Period Covered Volatile 
days fron pH Potal Solids Solids 
per cent 
beginning per cent) 
5.4 1.40 74.3 
5-10 5.4 3.00 75.4 
11-20 5.4 2.86 74.5 
21-28 5.4 2.64 73.7 
29-48 5.5 2.7 81.0 
Weighted Avg 2.92 77.0 
creased rapidly in all digesters. In the 
control digester, volatile acids con- 


the 
the 
digester whose pl was controlled with 
ammonium hydroxide. In_ the 
however, a maximum 
volatile Was 
reached in approximately 18 days and 
This 


decrease was accompanied by a rapid 


tinued to inerease throughout 


study. This was also the case in 
other 
two digesters, 
concentration of acids 


then a rapid decline occurred. 


increase in gas production as shown in 
Figure 4. 

Gas production continued to increase 
both units in 
which pH was controlled with the ad- 


slowly in digestion 
dition of lime, and a greater produc- 
tion occurred in with 
Volatile acids con- 


the one treated 
high-caleium lime. 


in- tinued to decline in both digesters un- 

< CONTROL 

600 

” 

E 

NH,4OH 
4 + 

a 

\ 

300K 

\ HIGH Mg LIME 

\ 

re) J 

Sy 

HIGH Co LIME 

1000 

f 

20 DAY DETENTION TIMES 
TIME DAYS 
FIGURE 3.—Volatile acids trends in Phase II studies. 


TATTATTOM 


Tlie 


| 

= 

\ 

: 

< 

= 
q 


Vol. 31, No. 2 


20 DAY DETENTION TIMES 


CONTROL 


AMMOMIUM HYDROXIDE 


6} 

4} 

re) 

HIGH Mg LIME 
6} 


HIGH Co LIME 


DAILY GAS PRODUCTION — cu ft /ib volatile solids added 


8} 

6 

4 / 

2 

% 0 20 30 40 50 
TIME —DAYS 


FIGURE 4.—Daily gas production in 
Phase II studies. 


til the 30th day when they began to 
increase again in the digester treated 
with high-magnesium lime. 

Table II] shows the composition of 
the gases produced by the digesters in 
which pH was controlled with the use 
of regular and high-magnesium lime. 


It will be noted that a burnable gas 
was produced by both digesters. Only 
negligible amounts of gas were pro- 


duced by the control digester and the 
digester receiving ammonium hydrox- 
ide for pH control. 


TABLE III. Sludge Gas Composition 
from Phase II Study 


Gas (per cent) 


Neutralizing Agent 


COs Os CH, 

High-calcium lime 33 1.5 0.5 58.4 6.1 
(35th day 

High-magnesium lime 368 O8 0.0 58.0 4.4 


(36th day) 
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After 48 days of operation, the only 
unit indicating the approach of normal 
digestion was the digester in which pH 
had been controlled by the addition of 
high-calcium lime. Of the three alka- 
line agents studied, high-calcium lime 
appeared to be the most beneficial in 
aiding the initiation of sludge diges- 
tion. 


Phase Ill 


Four digesters were operated at de- 
tention times of 20 days. By concen- 
trating a common stock of raw sludge 
it was possible to vary the solids con- 
centrations of the sludge fed to each 
digester. The digesters were fed raw 
4.0, 
6.0, and 2.0 per cent (unlimed control), 
The 
corresponding solids loadings are pre- 
sented in Table IV. 


sludges of concentrations of 2.0, 


respectively in the four digesters. 


TABLE IV.--Solids Loadings 
in Phase III Studies 


Total Solids* 
(per cent) 


Volatile Solids Loading 
(Ib/day /cu ft) 


2 0.054 
0.108 
6 0.162 


* Avg VS = 86.5 per cent. 


Additions of calcium hydroxide were 
made to the digesters fed 2.0-, 4.0-, and 
the 
The remain- 
ing digester which was fed 2.0-per cent 


6.0-per cent sludges to maintain 


pH between 6.8 and 7.2. 


sludge was maintained as a control in 
which no pH adjustment was made. 
Within & days the pH of the control 
fell to 5.0, 
had 


indicating acid conditions 
The 
digester remained sour for the dura- 
tion of the study, a total of 95 days. 


become established. control 


Final calcium hydroxide additions 
were made on the 29th day to the 2.0- 
and 4.0-per cent sludge digesters and 
on the 45th day to the digester with 


6.0-per cent sludge. The total amount 
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of lime added to each digester was as 
follows: all digestion 
Solids in Sludge Fed Total Lime Added 
per cent) Ib 100 ecu ft digester volume volatile acids 
2.0 33.8 
+.0 60.4 
6.0 ‘ 
acids concentration 
The three digesters to which eal 
cium hydroxide was added exhibited a value which resulted 


strikingly similar patterns. 
terns become apparent when the vola- 
tile acids tre 
daily gas ] 
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6000 20 DAY DETENTION TIMES 
3 / 
s | CONTROL - 2% SLUDGE \_ 
4 
4 
\. 
/ 6% SLUDGE 
j \ 
3000 / 4 % SLUDGE \ 
4 \ 
4 \ 
a i 
5 / 
2000 > \ 
| \ 
\ 
1000} \ 
\ 
. 20 30 40 50 60 70 80 90 
TIME — DAYS 
FIGURE 5.—Volatile acids trends in Phase III studies. 


considered. 


ate decrease in 


centration. 


These pat- 


was 


With a 


Over the initial 10 days, 
mixtures were character- 
ized by a rapid rate in the build-up of 
coupled 


rela- 


tively slow increase in gas production. 
Within 10 days the maximum volatile 


reached. By 


this time gas production had attained 
in 
the volatile acids con- 


an immedi- 


The volatile acids were re- 


nds (Figure 5) and the duced to about two-thirds of the maxi- 
yroduction (Figure 6) are mum concentration and gas production 
4 20 DAY DETENTION TIMES 
2 
2% SLUOGE 
SLUDGE 
6 % SLUDGE 
~ 
\ 
5 at ; 
2 ét 
a 4 
4 2 30 40 50 60 70 60 90 
TIME — DAYS 


FIGURE 6.—Daily gas production in Phase III studies. 
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rose to about one-half of what is ex- 
pected in normal digestion. 

The digesters continued to operate 
for at least two weeks in an apparent 
state of equilibrium with only slight 
increases in gas production and slight 
decreases in volatile acids being no- 
ticed. Then, gasification began to in- 
crease rapidly until gas production 
was considerably higher than found in 
digesters operating normally. At this 
time, volatile acids began to decrease 
very rapidly. As soon as the volatile 
acids concentration reached approxi- 
mately 200 mg/l, gas production de- 
creased to about 10 cu ft/lb of volatile 
solids added, or approximately the rate 
obtained in normal digestion. All tests 
indicated that normal digestion had be- 
come established. 

Analyses of the gases (Table V) pro- 
duced by the digesters fed 2.0-, 4.0-, 


and 6.0-per cent sludges were ¢on- 
ducted on the S8lst day. Burnable 


vases of similar quality were produced 
by the three digesters. 

The time required to establish nor- 
mal digestion increased with the con- 
centration of the sludge fed to the 
unit. It required 41, 55, and 73 days, 
respectively, for the 2.0-, 4.0-, and 6.0- 
per cent sludges. The solids loading 
was the only difference between the 
three digesters. Higher solids load- 
ings were found to produce higher 
concentrations of volatile acids and 
evidently it was the volatile acids con- 
centration which determined the time 
required for the development of nor- 
mal digestion. 


TABLE V.--Gas Composition in Limed 
Digesters in Phase III Study* 


Gas (per cent) 
Digester Identification 

(per cent raw 

sludge fed) 


CO? Or He CH: N2 


2.0 33.3 0.6 0.1 60.0 6.0 
4.0 37.0 0.6 0.4 58.0 4.0 
6.0 35.4) 0.7 0.0 | 57.2 6.7 


*S8ist day of study. 
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TABLE VI.Grease Analyses 
from Phase III Study 

solid 

rent of te solids 

(per cent) 
32nd Day 8ist Day 

2° 21.5 21.0 

2 12.9 8.0 

4 21.1 8.8 

6 23.5 9.1 


* Control. 


Grease analyses were conducted on 
the contents of all four digesters on 
the 32nd and 81st days of the study. 
The results are shown in Table VI. 
Very little grease destruction was ob- 
served in the control. Substantial 
grease destruction did not occur in 
any of the digestion units until nor- 
mal digestion had been attained. 


Discussion 

Digestion was successfully initiated 
with volatile solids loadings as high as 
0.162 lb/day/eu ft when the pH was 
controlled in a favorable range with 
lime and a detention time of 20 days 
was maintained. <A _ correlation be- 
tween the trends of volatile acids and 
gas production observed in the Phase 
III studies is presented in Figure 7. 
When careful consideration is given 
to these trends, further insight into 
the mechanism of sludge digestion can 
be obtained. The first relatively rapid 
increase in gas production occurred 
about 10 days after the units were 
started and was responsible for the 
initial decrease in volatile acids con- 
centration. The volatile acids de- 
creased and leveled off at values con- 
siderably higher than occur during 
normal digestion. Likewise, a stabili- 
zation in the rate of gas production 
occurred at a rate approximating one- 
half that found during normal diges- 
tion. This condition persisted for 
about three weeks in the 2.0- and 4.0- 
per cent sludge digesters and for 
about six weeks in the one fed 6.0-per 


: 
ARE 
posts 
of 
3 
ag 
+ 
; 


130 


\ 


RELATIVE GAS PRODUCTION RATE 


10 | 
/ | Group 
| 
od 
/ | 
GRouP T 
= 
s | <- 
| 
= / i\ | 
z 
/ 
| | NORMAL 
8 
= | 
3 | 


FIGURE 7.—Development of the meth- 
ane bacteria during initiation of sludge 
digestion. 


this 
poor quality vas 


cent sludge. During period a 


relatively was pro- 


duced; for example, on the 32nd day, 
36.6, 41.2, 
and 43.8 per cent, respectively, in the 
gas from the 2.0-, 4.0-, 


carbon dioxide content was 


and 6.0 per cent 


sludge digesters. The gas from the 
digester fed 6.0 per cent sludge 
showed 46.8 per cent methane on the 


same day. This provided proof that 
at least one group of methane forming 
bacteria well under 


the prevailing high concentrations of 


was established 
volatile acids on that day. 
Gas production gradually inereased 
in all digesters following the 15th day 
and began to increase rapidly at about 
33, 46, and 58 days, respectively, in 
the units receiving 2.0-, 4.0-, and 6.0- 
per cent sludges. 
final 


It was not until the 
upsurge in production 0c- 
curred that the volatile acid content 
of the digesting mixtures fell to what 
is considered and 
quality improved to the usual stand- 
ards, 


fas 


normal levels 


fas 
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From the results obtained in these 


studies, it is concluded that the 
methane producing bacteria may be 
divided into two groups. The first 
group is relatively resistant to high 


volatile acids content and multiplies 
rather rapidly. Under 
favorable pH conditions, 


reasonably 
they in- 
crease rapidly enough to produce sig- 
nificant amounts of methane in 10 to 
15 days. In the Phase III 
Group | methane formers 


studies, 
were con- 
sidered to be largely responsible for 
vas production until the time the final 
upsurge in gasification occurred (Fig- 
ure 7 The second group of methane 
formers is quite slow in multiplying 
or is adversely affected by high con- 
centrations of volatile The 
sharp increases in gas production fol- 
lowing the 33rd, 46th, and 58th days 
in the un- 
doubtedly, caused by Group IL or- 
ganisms reaching a state in their loge 
growth phase which was detectable by 
production The 
high rate of gas production persisted 
until volatile concentrations 
were reduced to normal levels. 


acids. 


various digesters were, 


vas 


measurements. 
acids 


The-results of these studies indicate 
that the Group IL methane organisms 
determine the length of time required 
for the normal di- 
gestion and are, probably, the organ- 


development of 


isms which cause the majority of the 
problems with sludge di- 
gestion because of their extremely slow 
growth rate. The data lead to 
the conclusion that the Group LL meth- 
ane formers are primarily responsible 
for conversion of 


associated 


also 


acids (at 
the volatile 
Group | methane 
formers are apparently quite selective 
in the materials they can convert to 
methane but, fortunately, rela- 
tively hardy and possess high repro- 


volatile 


least certain forms of 


acids) to methane. 


are 


ductive rates. 

The higher solids loadings required 
periods of time for the de- 
velopment of normal digestion. As 
the pH was maintained constant, ir- 


longer 
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respective of the solids loading, the 
only difference observed between the 
three digesters of the Phase III studies 
was the volatile acids concentration. 
Evidently the higher volatile acids 
concentrations associated with higher 
solids loadings exhibited some inhibi- 
tory effect on the Group LI organisms. 
The fact that normal digestion did not 
develop in the Phase I studies, even 
though the volatile acids concentra- 
tions remained lower than observed in 
the Phase IIL studies, indicates that 
pH remains the primary practical con- 
sideration during the initiation of 
sludge digestion. 

The time required for initiation of 
partial and normal digestion at the 
various volatile loadings is 
shown in Figure 8. It will be noted 
that the time for development of both 
partial and normal digestion increased 


solids 


with solids loadings. The approxi- 
mate ranges of solids loadings main- 
80 
70F 
NORMAL DIGESTION 
60F Ry, 
Y 
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FIGURE 8.—Effect of solids loading on 
required time for development of partial 
and normal digestion. 
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tained while starting conventional di- 


gesters by the methods recommended 


by Schlenz (3) (4) and by Van Kleeck 
(5) are also indicated on Figure 8. 
The solids ranges were determined on 
the assumption that the average max- 
imum loading of volatile solids in 
conventional digesters was 0.07 Ib/day 
/eu ft. 

The findings in these studies appear 
to be in conflict with Schlenz who 
recommended charging small portions 
of the daily raw sludge accumulation 
without any lime additions during the 
initial stages of digestion, thus limit- 


ing the volatile acids production. <Ac- 
tually, this represents an_ effective 


method of pH control which eliminates 
the necessity of pH adjustment with 
lime; however, it is at the expense of 
not being able to accommodate the 
entire quantity of raw sludge avail- 
able to the digesters during the initial 
phases. 

Van Kleeck (5) has been associated 
with many instances in which diges- 
tion has been initiated in digesters re- 
ceiving the entire daily production of 
raw Problems were elimi- 
nated merely by controlling the pH 
with additions of lime. The method 
used to initiate sludge digestion in the 
studies reported in this paper was 
identical to the method recommended 
by Van Kleeck. This method has been 
shown to be applicable to high-rate 
digesters operating on a 20-day deten- 
tion period in which solids loadings 
were approximately three times as 
great as usually encountered in con- 
ventional digestion. 


sludge. 


The method used and recommended 
is outlined as follows: 


1. Fill digester with sewage. 

2. After a temperature of 95°F has 
been attained, start adding sludge in 
amounts which will provide about 20 
days detention time (at minimum) 
and at volatile solids loadings which 
do not exceed 0.15 lb/day/cu ft. 

3. Add lime 


as often as necessary 
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to maintain the pH between 6.8 and 
7.2. 

4. Provide efficient mixing of entire 
digester contents throughout the ini- 
tial phases of digestion. Continuous 


mixing is preferable. 


Conclusions 


1. Laboratory studies have shown it 
is possible to initiate sludge digestion 
with raw sludge alone in high-rate di- 
with 20-day detention time 
maintained under volatile solids load- 
ings as great as 0.162 lb/day/cu ft, 
provided that the pH is maintained 
between 6.8 and 7.2 by liming. 

2. With a 20-day detention time, 
approximately 40, 50, and 65 days, 
respectively, will be required for the 
development of normal digestion in 
high-rate digesters when feeding 2.0-, 


vesters 


4.0-, and 6.0-per cent sludges, or vola- 
tile solids loadings of 0.054, 0.108, and 
0.162 lb, day/eu ft. 

3. Total 
maintaining 


lime 
pli 


solids loading. 


requirements — for 

will vary with the 
With the sludge used 

33.8, 60.4, and 86.8 
lb were used per 100 cu ft of digester 
capacity, respectively, for the 2.0-, 
4.0-, and 6.0-per cent sludges. 

4. With no pH adjustment, normal 
digestion did not develop in high-rate 
digesters with 30-day detention times 
and volatile solids loadings of 0.045 
lb, day/eu ft. 


in these studies, 


5. Evidence was obtained which in- 
dicates that methane formation 
complished by the action of two dis- 
tinct methane bacteria. 
The Group | organisms are capable of 


Is ac- 


groups of 
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rapid multiplication but appear to be 
highly selective in type of organic 
compounds they can convert to meth- 
ane. The Group II organisms are ex- 
tremely slow growers and appear to 
be particularly adapted to the destruc- 
tion of certain volatile acids. 

6. The methane organisms compris- 
ing Group II are limiting during ini- 
tiation of digestion. ‘lhe growth rate 
of Group IL appeared to be inhibited 
by high concentration of volatile acids. 

7. Maintenance of optimum pH con- 
ditions remains the factor of primary 
practical importance during the ini- 
tiation of sludge digestion. 


Acknowledgment 


This investigation was supported by 


a grant from the National Institutes 
of Health, Public Health Service, 
U. S. Department of Health, Educa- 


tion and Welfare, Washington, D. C. 


References 
Blodgett, J. H., ‘‘Aecelerated Sludge 
Digestion Suecessful in Columbus, 


Ohio.’’ 
1953). 
2. ‘*Standard Methods for the 
of Water, 


Wastes Eng., 24, 12 (Dee. 
Examination 
and Industrial 
Wastes.’’ 10 Ed., Amer. Pub. Health 
New York, N. Y. (1955). 

3. Schlenz, H. E., ‘‘Important 
tions in Sludge Digestion. 
Practical Aspects. 
Jour., 19, 19 (Jan. 

4. Schlenz, H. E., in 
Forum.’’ THIS 
(Apr. 1958). 

5. Van Kleeck, L. W., 


Sewage, 


Assn., 
Considera 
Part I.- 

Works 


Ne wage 
1947). 
*€1957 


JOURNAL, 


Operator’s 
30, 4, 585 


**Start-Up of Separate 


Sludge Digesters.’’ JOURNAL, 
30, 3, 312 (Mar. 1958). 


1959 NUCLEAR CONGRESS 


The 1959 Nuclear Congress, sponsored by more than 30 leading engi- 


heerineg, 


scientific, and management groups, including the Federation, 


is scheduled to be held April 5-10 in the Public Auditorium, Cleveland, 


Ohio. 


Within the program will be two half-day technical sessions de- 
voted to water and waste disposal problems. 


Copies of the advance 


programs are available from the Federation office on request. 
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PERFORMANCE OF LARGE SEWAGE LAGOONS AT 
MELBOURNE, AUSTRALIA 


By C. D. Parker, H. L. JONEs, AND N. C. GREENE 


Respectively, Chief Chemist and Bacteriologist, Chemist, and Assistant Chemist, Melbourne 
and Metropolitan Board of Works Research Laboratory, Melbourne, Australia 


The use of lagoons or oxidation 
ponds to purify sewage is receiving 
increasing attention as a simple and 
satisfactory form of treatment under 
suitable conditions. A great many in- 
stallations have been described and a 
number of fundamental studies have 
been reported. The literature has been 
reviewed recently by Fitzgerald and 
Rohlich (1). This paper reviews the 
performance of the Melbourne lagoons 
over a period of years and details prac- 
tical experiences associated with their 
operation. 


Experimental Procedures 


The three lagoon units whose per- 
formance is described, have been op- 
erated for a number of years as inte- 
gral parts of the purification methods 
used in Melbourne. Particular atten- 
tion has been given to their operation 
and at times special procedures have 
been devised to study their perform- 
ance, 

The 115 East lagoon, Werribee, con- 
sists of anaerobic and aerobic units in 
series, with the aerobic area three times 
the anaerobic area. The Murtcaim 
lagoon, Werribee, consists of an aerobic 
lagoon of about 550 acres preceded by 
anaerobic units. At first, a single an- 
aerobic area of 34 acres was used. 
Later another unit of 60 acres was 
added; still later, a third unit of 46 
acres was added. This resulted in an 
ratio of about 
5 to 1, depending on the units in op- 
eration. Both these lagoons treat set- 
tled Melbourne sewage of which a typi- 
cal analysis was given in an earlier 


aerobic-anaerobie area 


paper (2). The Braeside lagoons are 
essentially aerobic units treating efflu- 
ent from a trickling filter plant. 

The two Werribee units have been 
sampled twice weekly over most of 
their operation and the Braeside la- 
goon once a month. Appropriate 
chemical, algal, and bacteriological ex- 
aminations were made on each sample. 
Effluent samples were taken as snap 
samples. Samples of the influent were 
usually taken as snap samples at the 
particular time of the day representa- 
tive conditions were known to exist. 
When greater accuracy was wanted 
24-hr composite samples were ex- 
amined. 

Chemical analyses were made accord- 
ing to ‘‘Standard Methods’’ (3). For 
out previously (2), the 
performance of the lagoons was ecal- 
culated using the BOD of the filtered 
lagoon effluents. Bacteriological counts 
were made according to methods out- 
lined in The Bacteriological Examina- 
tion of Water Supplies (4). The total 


reasons set 


algal count was made according to 
‘“*Standard Methods’’ (3) and an ac- 
tivity index was established. This 


index was arrived at by ineubating the 
samples at room temperature for five 
days under ultraviolet light and de- 
termining the total count before and 
after exposure ; the percentage increase 
or decrease was taken as an activity 
index. 


115 East Lagoon, Werribee 
Description 


Over 98 per cent of the sewage of 
Melbourne (average dry weather flow, 
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FIGURE 1.—Layout of 115 East lagoons. 
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77 mgd*) is purified by irrigation, 
grass filtration, and lagoon treatment 
at the 27,000 acre Metropolitan farm 
at Werribee, 24 miles from Melbourne. 

The 115 East lagoon was constructed 
at the Metropolitan farm in 1950-51 
on land of little value for the other 
methods of treatment practiced there. 
It was built to apply, on a large scale, 
the experimental findings reported 
earlier (2). The installation is shown 
diagrammatically in Figure 1. It con- 
sists of two 7.5-acre anaerobic lagoons 
in parallel and a 45-acre aerobic lagoon 
in series. The earlier work had shown 
that per unit area, very much greater 
BOD removals are achieved with an- 
aerobic lagoons. Consequently, the 
ratio of aerobie to anaerobic area was 
made as small as possible, i.e., 3 to 1, to 
determine whether such a design would 
function as efficiently as the earlier ex- 
perimental results suggested. 

The water level was fixed at varying 
depths in the three ponds to suit con- 
ditions. The depth varied from 2 to 
3.5 ft in the anaerobie lagoons and 
from 1.5 to 4 ft in the aerobic lagoon. 
Banks were constructed of earth and 
were of an average height of 4 ft, with 
a top width of 10 ft and 1 on 1% side 
slopes. The banks were lined on the 
inside with 2 in. of unreinforced con- 
erete. The invert of the raw sewage 
channel is above the water level and 
runs the full length of the north side 
of the anaerobic lagoons. There are 
seven pipe outlets to each lagoon. An- 
aerobie effluent discharges under scum 
boards and over four 4-ft long weirs 
along the south side of each unit and 
thence through pipes to the aerobic 
lagoon. The outlet from the aerobic 
lagoon consists of a 100-ft long weir 
discharging to an open drain. 

The installation has been operated 
continuously since January 1951, save 
for brief periods when it has been de- 
sirable to cut off the flow. Flows of 
up to 6 mgd have been treated and 


* All flows are given in Imperial gallons. 
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several operational 
been examined. 


procedures have 


Initial Operation 1951-52 


Raw sewage was first admitted to 
the west anaerobic unit on Jan. 1, 
1951, at the rate of 0.73 mgd. Sewage 
was admitted to the east anaerobic 
pond on Feb. 12, 1951. The flow was 
raised to between 2 to 3 mgd, averag- 
ing 2.62 mgd, between Mar. 19 and 
June 17, 1951. It was then reduced 
to 1.0 mgd, averaging 0.93 mgd, be- 
tween June 17 and Oct. 21, 1951. The 
regulation of flow was necessary to 
meet a preset standard of 20 ppm BOD 
in the filtered effluent from the aerobic 
unit. 

During this period the filtered BOD 
of the aerobic effluent exceeded 20 ppm 
for only one week and then it was only 
21.1 ppm. It can, therefore, be 
claimed that the loadings used were 
such that a satisfactory performance 
was maintained throughout the initial 
period. The performance of the la- 
goon installation is summarized in 
Table I (a). 

Owing to the variable load applied 
during this initial period, it was im- 
possible to obtain much exact infor- 
mation about maximum capacity for 
purification. It will be noted, however, 
that even in this period, percentage 
removals of BOD in the aerobic lagoon 
were very high. When the load was 
90 lb per day /acre the removal reached 
73 lb per day/acre, which is similar to 
maximum removals previously found 
with aerobic lagoons. 

As would be expected during the 
early stages of operation, the percent- 
age removals of BOD by the anaerobic 
lagoon were low. An exception is 
noted for the period when the loading 
was only 32 lb per day/acre. Re- 
movals were much lower than maxi- 
mum values obtained previously. 

About six weeks after the commence- 
ment of operation, an intense odor 
arose from the anaerobic lagoons. 
Complaints were made by a local 
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school situated one-fourth of a mile 
away. Associated with the odor was 
sufficient HeS to cause considerable 
blackening of a newly painted house 
300 ft from the area. The onset of 
odor complaints occurred about a week 
after the flow was increased from 0.73 
to 2.62 med, suggesting that the an- 
aerobie lagoon had become overloaded 
with solids before the deposited sludge 
had become fully digested. The an- 
aerobic effluent showed 4 to 6 ppm of 
sulfides. The pH was 6.3 compared 
with the raw sewage value of 6.9. The 
effluent from a normally functioning 
anaerobic lagoon usually has a pH of 
7.0 to 7.4. 

Three weeks after the first occur- 
rence of odor, the pH of the anaerobic 
effluent increased to 7.0 and complaints 
In six years of operation there 
has been no similar recurrence. 

It must be concluded from this ex- 
perience that during the start-up of 
anaerobic lagoons considerable atten- 
tion should be given to the BOD load- 


ceased, 


ing of the unit and the pH of the 


effluent. This was watched when other 
anaerobic lagoons were put into oper- 
ation at Werribee and no trouble was 
encountered. 


Performance in Summer 


Sludge activity in the anaerobic la- 
goons was developed fully by the sum- 
mer of 1951-52 and the flow was grad- 
ually increased to determine how heav- 
ily a lagoon might be loaded and still 
produce a filtered effluent having a 
BOD not greater than 20 ppm. The 
results obtained with inereasing loads 
are shown in Table I (b). 

The maximum BOD removals under 
summer conditions (60 to 70°F) were 
1,034 lb per day /acre for the anaerobic 
and 132 lb per day/acre for the aerobic 
These values compare more 
than favorably with the expected per- 
formance deduced from the early ex- 
periments (2), i.e., 600 lb per day/acre 
by anaerobic and 65 Ib per day/acre 
by aerobic lagoons. 


lagoon, 
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Removal of more than 99 per cent 
of the BOD was achieved at these 
loadings, the percentage removal of 
that applied in each stage being re- 
markably constant over the 614 months 
of operation. The maximum over-all 
BOD removal for the total area was 
322 lb per day/acre or a loading of 
2,230 persons per acre assuming a per 
capita BOD contribution of 0.14 Ib 
per day. At this loading the caleu- 
lated detention time was 1.2 days in 
the anaerobic and 3.7 days in the aero- 
bie lagoon, an over-all detention of 4.9 
days. 

Again in the summers of 1952-53, 
1954-55, and 1956-57 the lagoon per- 
formance was determined. The aver- 
age values are shown in Table I (ce). 

The aerobie lagoon performance for 
1953 is extraordinarily high and it is 
unlikely that it could be maintained 
indefinitely and still produce a filtered 
effluent with a BOD below 20 ppm. In 
fact, the BOD of the filtered effluent 
for the two weeks following this test 
period increased to 34.7 and 41.0 ppm 
and dropped below 20 ppm only after 
the flow was reduced to 3 mgd. On 
the other hand, the results for the 
early part of 1957 show an abnormally 
low removal which is, however, 96 per 
cent of the applied load. It is prob- 
able that this performance would have 
been substantially higher had the load- 
ing been greater. 

From the six years’ operation of the 
115 East lagoon it would appear that 
the maximum BOD removal by an- 
aerobic lagoons in summer is well in 
excess of 600 Ib per day/acre; for 
aerobic lagoons it is in excess of the 
65 lb per day/acre suggested from the 
early experiments (2) and is probably 
nearer 100 lb per day /acre. 


Performance under Winter Conditions 


During the winter of 1952 the flow 
to the lagoon was increased from 2.0 
med to a maximum of 3.5 med, and 
held at that value for several weeks. 
Owing to heavy rains at this time, the 


1} ah 

| 

: 

: 


138 SEWAGE AND INDUSTRIAL WASTES 


‘aw sewage was much weaker than 
usual but the results between Sept. 1 
and Sept. 21 are typical of performance 
with normal sewage. These results are 
shown in Table I (d). 

Because procedures required for 
other aspects of the investigation pre- 
vented the maximum flow from being 
applied during the other winter pe- 
riods, confirmation of these figures was 
not possible until the winter of 1957, 
when the same flow was again applied. 
These results are also shown in Table 
Xd). 

It will be seen that the BOD re- 
moval in the anaerobic lagoon in 1952 
was 420 lb per day/acre, which is close 
to the experimental value of 450 Ib 
per day/acre. The result obtained in 
1957 after six years of operation, how- 
ever, was much lower, being only 220 
lb per day/acre. This result might be 
taken as a sign of some deterioration in 
performance with continued operation, 
but the value obtained the previous 
summer was extraordinarily high and 
certainly did not suggest that a drop 
in performance was imminent. 


Quality of Aerobic Lagoon Effluent 


During 38 weeks in six years of op- 
eration, the filtered aerobic lagoon ef- 
fluent had a BOD exceeding 20 ppm. 
There were eight separate occurrences, 
consisting of four periods of one to two 
weeks during 1952 and 1958, and four 
longer periods, ranging from four to 
eleven weeks, in 1958, 1954, and 1955. 
The mean BOD value during these 38 
weeks was 36.1 ppm and the maximum 
value observed was 61.1 ppm. 

From a study of the periods of re- 
duced efficiency it can be stated that 
with two possible exceptions poor final 
effluents have been caused by excessive 
BOD loadings on the aerobie lagoon 
and could have been avoided by re 
ducing the load to a value consistent 
with the lagoon’s capacity for purifica- 
tion. 

One other reason for not attaining a 
satisfactory effluent was the excessive 
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accumulation of solids in the aerobic 
lagoon, which could be prevented by 
suitable alteration of the anaerobic la- 
goon weirs. 

Poor effluents may also accompany 
an excessive sulfide content in the 
anaerobic effluent. The reason for this 
condition is not yet clear and further 
work will be necessary to establish re- 
medial measures. 

While most of the periods of deterior- 
ated performance were associated with 
excessive BOD loads, the question arose 
as to whether a satisfactory algal-laden 
effluent could be obtained continuously 
during winter months even if the BOD 
load was constantly maintained within 
the lagoon’s purification capacity. 

Accordingly, from July 1954, until 
Dee. 1956, the flow was regulated so 
that the BOD load on the aerobic la- 
goon never exceeded 60 lb per day/ 
acre. <A satisfactory filtered effluent 
with less than 20 ppm BOD was ob- 
tained continuously through the sum- 
mer and winter of 1956 with loadings 
of 40 to 50 lb per day/acre, indicating 
that lagoons can be operated to per- 
form efficiently throughout the year. 


TABLE II.—Comparison of 1955 and 1956 
Operating Data for 115 East 
Aerobic Lagoon 


Efi. BOD, | 
Filtered 
(ppm) 


Flow BOD Load 
(mgd) | (Ib/day/acre) 


a) 1955 Data 
June 12 
June 19 
June 26 
July 3 


Avg 


(b) 1956 Data 


June 10 | 
June 17 | 
June 24 | 
July 1 


Avg 


= — 
| 
Temp. 
25.0 | 51 
412 | 49 
26.5 | 48 
25 28.5 50 
1.5 38 5.0 52 
1.8 48 19 | 50 
| 1.0 31 2.3 51 
1.0 48 5.9 47 i 
| 
ia 
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TABLE III.—Sulfide and Ammonia Content 
and Algal Population of 115 East Lagoon 
for Periods in 1955 and 1956 


j 
Sulfide in | a 
srohie| Ammonia | Total Algal 
— in Aerobic | Count 
| Lagoon | (organisms/ 
(ppm) | Eff. (pm) | ml) 


Date 


(a) 1955 Data 


27.0 1.34105} 2.3 
27.0 | 1.96105 3.2 
26.0 nil nil 
26.0 nil nil 
32.5 44 104 49 

32.5 8.2 X104 52 

27.5 8.5 
27.5 6.58 6.3 
27.5 2.46 X 105) 11.2 
27.5 3.3 x10") 8.2 


June 
June § 
June 
June 
June 2¢ 
July 6 


ore 


1956 Data 


May 24 | 
May 31 
June 7 
June 15 | 
June 21 | 
June 29 
July 4 


32.5 
32.5 
32.5 : 
32.5 2. 
32.5 
32.5 


32.5 12. 
7. 


4 
3 
8 
2 
4 
9 


2.2 


* Percentage increase or decrease in total 
count after 5 days incubation at room tempera- 
ture under ultraviolet light. 


There was, however, a period of four 
weeks, from June 12 to July 3, 1955, 
when the BOD of the filtered effluent 
exceeded 20 ppm. In Table II per- 
formance during this period is com- 
pared with the performance during a 
corresponding period in 1956. Other 
relevant operating data also are com- 
pared in Table III. During the period 
in 1955 when the filtered effluent BOD 
exceeded 20 ppm, the BOD loading was 
only 25 lb per day/acre, whereas in 
the corresponding period in 1956 when 
the load was 41 lb per day/acre the 
filtered effluent BOD was only 3.8 ppm. 
The poor performance in 1955 cannot 
be attributed to overloading. 

Regular examinations of the lagoon 
contents were made to determine the 
nature, quantity, and reproductivity of 
algae present. These examinations 
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showed Chlorella to be predominant 
throughout the period of 214 yr, with 
very little variation in numbers from 
summer to winter. The viability, or 
reproductivity, of the algae present 
was determined by exposing a sample 
to a fixed intensity of ultraviolet light 
for five days at room temperature and 
measuring the number of cells before 
and after exposure. The ratio, ex- 
pressed as a percentage, was used as 
an activity index. 

When the data in Table III are ex- 
amined for comparable periods in 1955 
and 1956, it will be seen that algae 
were absent for two weeks prior to the 
period of poor performance in 1955 
(Table II). For the next two weeks 
the population was extremely low, and 
even for the final four weeks of the 
period listed the algal counts were only 
one-tenth of those found under normal 
operation in 1956. The activity index 
was very much higher in the period of 
poor performance indicating that the 
algal population was sub-optimal for 
the environment. 

The toxic agent responsible for the 
death of the algal population would 
appear to be the excessive sulfide con- 
tent of the anaerobie lagoon effluent 
over the period May 4-18, 1955. The 
dead algal cells in turn would impose 
an additional organic load on the la- 
goon and this, combined with the re- 
duced efficiency due to the absence of 
living algae, would explain the poor 
performance. 

Further work is now in progress to 
study chemical and microbiological as- 
pects of the mechanism of the anaero- 
bic lagoon treatment and it is hoped 
this will throw light on the reason for 
the temporary, high sulfide concentra- 
tions in the effluent. 


Continuous vs. Intermittent Operation 
of Anaerobic Lagoon 


At Werribee there are large fluctu- 
ations in the rate of raw sewage flow. 
Additionally, in the operation of the 
irrigation processes used for disposal 


ar 
| Bi 
| Ac- 
| Index* 
mink 
May 4 | 12.9 | 
May 11| 84 
May 18 
May 25 | | 
| | 
| 
=z 
108) 0.9 
«10% 1.6 
1.9 
re 
3 
; 
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difficulties arise in handling the daily 
peak flow which arrives at the farm at 
night. 

One very useful application of la- 
treatment is to these 
daily peak flows for 8 to 12 hr each 
day. It however, to 
ascertain whether the performance fig- 
ures obtained with uniform flow over 
24 hr would apply if the sewage were 
added 


period In 


roon 


receive 


Was necessary, 


intermittently over a_ shorter 
1953 1955, with the 
total daily addition kept constant, the 
both 


and 


anaerobic lagoon was operated 
continuously and intermittently. The 
that the performance 


was not substantially altered by inter 


results showed 


mittent operation 


Murtcaim Lagoon, Werribee 
De scription 


In 1936 about 570 acres of low-lying 
land were formed into a simple lagoon 
consisting of units of irregular 
shape. The 


‘complete the 


two 
original was to 
effluents 


already partially purified by irrigation 


purpose 


purification of 


processes, which would naturally drain 
to this area 

Following the early success with the 
experimental treatment of raw sewage 
in lagoons, it was decided to also treat 
settled sewage in the Murtcaim unit. 
It was intended by this operation to 
examine the large-scale performance of 
lagoons for the treatment of settled 
sewage. 

The sewage admitted to this lagoon 
had been settled for one to two hours 
in flat-bottomed tanks. Settled sewage 
was first treated in Sept. 1947. The 
mode of operation of the lagoon is 
shown diagrammatically in Figure 2. 
The depth of these lagoons ranges from 


} ft to a few inches; the average depth 
Observations in 1947 showed 
that in the land-locked area of 34 acres 
shown as Anaerobie Lagoon 3, in Fig- 
ure 2) through which the sewage 
passed prior to entering the main area 
of the sludge had deposited 


is 21 in 


lagoon, 
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and the area developed into what was 
essentially an anaerobic unit. 

The remarkable BOD removal 
achieved by anaerobic lagoons coupled 
with increasing sewage flows prompted 
the construction of two additional an- 
lagoon The layout of 
the area at this stage of development 
is shown diagrammatically in Figure 


9 


aerobie areas. 


The Murtecaim lagoons have been op- 
erated continuously for 10 yr. Several 
operational procedures have been tried 


and ¢ 


vast amount of information has 
been obtained concerning the behavior 
and efficiency of large-scale sewage la- 
Samples at the outlet and at 
intermediate 


have been ex 
amined twice weekly throughout the 
10-yr period and special samples have 
been collected in connection with par- 
ticular points of Dis- 
cussions of a number of operational as- 
pects 


points 


investigation. 
follow. 


Purification of Partially Purified 
Land-treated ffluc nts 
During the 


lagoon 


period, 1988-40, the 
arrangement was as shown in 
Fieure 2. No raw or settled 
entered the lagoon without first being 
substantially purified on land 
Drainage reached the lagoon at several 


sewage 
areas. 


points and these are shown in Figure 
») 


Pretreatment consisted of pasture ir 
rigation in summer and grass filtration 
Detailed 
have 


in winter. deseriptions of 


these processes been 


given by 


TABLE IV.—Performance of the Murtcaim 
Lagoon after Admission of Partially 
Treated Sewage 


BOD Susp. Solids| Flow 
ppm) p ) med) 
ling Point 
1946 1947 | 1946 | 1947 1947 
Settled sewage 154 281 6.8 
Outlet, Anaero- 
bie Lagoon 3 136 147 
Final effi. 14.7| 78 Sl 


(reg 
| 
} 
i 
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ANAEROBIC LAGOON 


AREA 34 Aes. 


AREA 186Acs 


CHIRNSIDE 


AEROBIC LAGOON N°/ 
AREA 276 acs. 
VOL. 109 M Goalls 
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OUTLET FINAL 
EFFLUENT 


FEET 4000 3600 3200 2800 2400 2000 1600 (200 GOO 40) © 0 FEET 


SCALE 


FIGURE 2.—Layout of Murtcaim lagoons in 1947. 


MelIntosh (5). Peak storm flows were 
first irrigated over rough grass areas 
and the night peak flows were treated 
in a similar way. 

Over a period from Mar. to Dee. 
1944, samples of most of the drainage 


entering the lagoon, as well as the la- 
goon effluent, were taken at fortnightly 
intervals. 

The BOD loading of the lagoon was 
very small both in summer and in win- 
ter, 4.8 and 12.5 lb per day/acre, re- 
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ANAEROBIC LAGOON 
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OPERATED 1947-56 
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1947- $6 Z 
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RIVER 

oll 

OUTLET FINAL 
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| AEROBIC LAGOON N°! 
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18 
\e “ANAEROBIC LAGOON 109 M Gols 
AREA 46:5Ac overareo may 1954 | 
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1953-57 


\ 
J 

1954 57 


ANAEROBIC LAGOON 
W'? AREA 60 Acs 


FIRST OPERATED 
NOV 1353 


AEROBIC LAGOON N°2 
AREA 186 Acs 


CHIRNSIDE 


FEET 4000 3600 9200 2800 2400 2000 1600 100 900 4a a #00 FEET 
SCALE 


FIGURE 3.—Layout of Murtcaim lagoons in 1957. 


spectively. This small loading in turn 56.1 to 15.4 ppm during the summer. 
limited the performance figure to a The winter BOD reduction was from 
low value. However, it was demon- 35.7 to 18.1 ppm. The BOD of the 
strated that lagoon treatment reduced filtered effluent was 10.1 ppm in sum- 
the BOD of the combined flow from mer and 7.0 ppm in winter. 
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In summer, the drainage entering 
the lagoon contained 30 ppm _ sus- 
pended solids and the effluent contained 
73 ppm. In winter, the inlet-to-outlet 
increase was from 25.4 to 45 ppm. 


Performance under Winter and 
Summer Conditions 


The Murteaim lagoon first treated 
settled sewage in 1947 when an average 
flow of 6.8 mgd was added from May 
to Nov. In addition, the partially 
treated effluents described above were 
treated. 

The average results of weekly sam- 
pling at the lagoon outlet, the outlet 
from Anaerobic Lagoon 3 (Figure 2), 
and the settled sewage inlet are shown 
in Table IV. Also shown are data on 
the 1946 effluent, when no settled sew- 
age was treated. 

These results demonstrate the ability 
of the lagoon to completely stabilize 
settled sewage in addition to the drain- 
age effluents treated in 1946. They 
also indicate that most of the purifica- 
tion, 70 per cent on an acreage basis, 
occurred in the 34-acre anaerobic unit. 
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Inspection of this area revealed that 
the whole of the land-locked area was 
acting as an anaerobic lagoon. Black 
sludge was continuously rising to the 
surface and general evidence of gas 
formation was observed. 

In view of the ease with which the 
area handled this flow of 6.8 mgd 
attempts were made to ascertain the 
maximum performance of which the 
whole area was capable. In the sum- 
mer of 1948-49 the flow to the lagoon 
was increased at 3- to 4-week intervals 
from 8.0 to 10.3, 12.1, 15.1, 17.6, and, 
eventually, 20.2 mgd. The flow could 
not be increased beyond this value be- 
cause extra water was then needed to 
irrigate permanent pastures. 

Samples were collected twice weekly 
and the results are shown in Table V. 
The BOD loading and performance of 
the various units at the two highest 
loadings are shown in Table VI. 

The very low BOD of the filtered 
final effluent at an over-all BOD load- 
ing of 155 lb per day/acre indicates 
that the maximum purifying capacity 
of the whole lagoon had not yet been 


TABLE V.—Performance of Murtcaim ines under Summer Conditions 


No. 2 


| 
No. I 
Ds Flow 
(1948) (mgd) | | (filtered) (filtered) 
|pop| ss | pop 1 ss | poo | ss | sop BOD | 88 BOD 
| (ppm)| (ppm)| (ppm) | (ppm) | (ppm) (ppm) if (ppm) (ppm) | (ppm) (ppm) 
8/30 to | 8.0 | — | — rr 163 | 225 | 203 | 156| 5.9 
9/12 | | 
9/13 to | 10.3 | 434 | 270 | — | — | 689 | 60 | 39.6 | 26.0 | 87 7.6 
10/10 | 
10/11 to | | 12.1 | 361 | 289 — — | 36.7 130 | 8.7 17.1 111 3.7 
10/30 | | | | | 
| 15.1| 373 | 283 | — | — | 663 |135| 90 | 201 | 90| 32 
11/20 
11/22 to | 17.6 | 407 | 264 133 | 141 | 598 | 172) 79 | 361 | 131 5.8 
12/11 | 
12/13 to | 20.2 rs 368 | 133 143 | 64.0 | 150 15.1 ‘27. 0 | 170 2.0 
12/18 


| 
ae 
> 
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TABLE VI. 
No. 3 Anaerobic No. 1 Aerobic 
Period Flow 
BOD BOD 
1948) mgd) (lb/day/acre) (Ib/day /acre) 
Re- Re- 
Applied moved Applied moved* 
Nov. 22 to 
Dec. 13 | 17.6 | 2,106 | 1,417 | 84.8 80.0 
Dee. 13 to 
Dec. 18 | 20.2 | 2,596 | 1,806 | 97.4 86.4 
* Based on BOD of filtered effluent. 
+t Based on BOD of filtered influent. 
reached However, it should’ be 


pointed out the highest loading was 
applied for only five days and for that 
reason the results may not be entirely 
representative of performance at that 
flow. 
The results again emphasize the ex- 
tremely rapid BOD removal which oe- 
lagoons. This is 
strikingly demonstrated by the fact 
that 70 per cent of the applied BOD 
was removed in 34 acres of anaerobic 
lagoon while the remaining 30 per cent 
required 536 acres of aerobic lagoon. 
The BOD removal by the anaerobic 
lagoon, 1,417 to: 1,806 lb per day/acre, 
is in excess of any result obtained with 
the early experimental lagoon (2). 
BOD removals of from 80 to 86 lb per 
day/acre in Aerobie Lagoon 1 compare 
with the results of the experimental 
unit. The removals in Aerobie Lagoon 
2 were low because of the light loading. 
Over-all, the aerobic units removed 
BOD at the rate of 49 lb per day/acre. 
During the winter of 1949 the la- 
goon was again loaded to capacity to 
determine its maximum performance 
under winter conditions. Over a pe- 
riod of 26 weeks the anaerobic unit 
removed 585 of the 1,142 lb per day 
acre of BOD applied. 
Aerobie Lagoon 1 gave a BOD re- 
moval of 54.6 lb per day/acre, which 
with earlier results. 


curs in anaerobic 


is comparable 
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No. 1+WN 


No. 2 Aerobic No he +e 2 | Aerobic + No. 3 
Anaerobic 
BOD BOD BOD 


(lb/day/acre) (Ib/day/acre) (Ib/day/acre) 


Re- 


Re- Re- 
\ppliedt moved* | Applied) .oyea* | Applied moved* 
| 
5.4 1.4 13.4 41.6 125 | 124 
11 10.1 50.0 19.4 155 154 


However, the removal in Aerobie La- 
goon 2 was only 21.0 lb per day/acre 
because of the small loading. 


Ability to Treat Weak Sewage 


Over the period Mar. 8 to Mar. 11, 
1949, extremely high sewage flows were 
received at Werribee; the daily flows 
being 121, 120, 112, and 83 mgd com- 
pared with an average dry weather 
flow of 61 mgd. The flow to the la- 
goon prior to the storm flow was 10 
mgd and for the four days of excessive 
flow it was 25.4 med. 

Beginning on Mar. 11, after the 
storm flow stopped, the flow to the la- 
goon was retained at the high figure 
of 23.6 mgd for 12 days. During this 
period the was of normal 
strength in contrast to the weak sew- 
age handled during flood conditions. 

To examine the performance under 
these abnormal conditions, samples of 
settled sewage and the effluent from 
the anaerobie unit were taken at 2-hr 
intervals and 24-hr composites pre- 
pared from them. Samples of the efflu- 
ent from Aerobie Lagoons 1 and 2 were 
taken as daily snap samples. 

The results show that high flows 
t weak sewage can be adequately 
treated by the Murteaim units. Dur- 
ing the period Mar. 8 to Mar. 11, 1949, 
the BOD of the filtered effluent from 
Aerobie Lagoon 1 was only 5.5 ppm. 


sewage 
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The BOD removal of the anaerobic 
lagoon, 1,260 lb per day/acre, was 
again extraordinarily high, being com- 
parable to previous values obtained 
when treating normal strength sewage. 
Over 70 per cent of the BOD load 
was removed in the anaerobic area 
and 27 per cent was removed in the 
two aerobie lagoons. The over-all BOD 
removal in the aerobic units was 51 
lb per day/acre. 

Recently, storm flows of up to 35 
mgd have been treated successfully. 
During this period the BOD of the 
filtered final effluent did not exceed 
5 ppm. As the channel capacity does 
not permit flows greater than 35 mgd, 
purification capacity of flows greater 
than that has not been determined. 

During the 12-day period that fol- 
lowed the storm flows of Mar. 1949, 
the BOD of the filtered final effluent 
exceeded 20 ppm on only three days. 
This BOD reduction compares to the 
maximum performance recorded with 
dry weather flows shown in Table VI. 


Multi-purpose Function 


Except for periods of experimenta- 
tion, the Murtcaim installation has 
functioned since 1947 as an integral 
part of the method used for the treat- 
ment of Melbourne’s sewage. 

During dry weather, the major part 
of the sewage received at Werribee is 
treated by intermittent irrigation on 
12,000 acres of pastures in summer, 
and continuous discharge over 3,400 
acres of grass filtration area in winter. 

At times of prolonged heavy rain 
and high sewage flows, the volume ir- 
rigated on pastures frequently has to 
be restricted; consequently, large vol- 
umes of sewage have to be treated by 
other means. Up to 35 med of the 
flow, at such times, has been treated in 
lagoons as described earlier. Simi- 
larly in winter, loadings to the grass 
filtration areas are adjusted to their 
appropriate capacity and the excess is 
sent to the lagoons. 

As explained earlier, the daily peak 
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TABLE VII.—Settled Sewage Treated in 
Murtcaim Lagoons, 1947-1956 


ver | | 
1947 | 200 | 0.8 
1948 2,259 6.2 
1949 4,653 | 12.7 
1950 3,099 | 8.5 
1951 3,071 8.4 
1952 3,367 9.2 
1953 4,692 | 12.9 
1954 4,881 13.4 
1955 4,527 12.4 
1956 | 4,620 12.6 
Total | 35,459 


flow arrives at night, and to avoid em- 
ploying extra gangs of men at overtime 
rates the flows are discharged to the 
lagoon over a 8- to 12-hr period each 
day. 

To indicate the increasing impor- 
tance of the lagoon in treating sewage 
at Werribee, the flows that have been 
treated each year are listed in Table 
VII. The mean daily flow now being 
treated by this lagoon is 12.6 med. 

The average BOD of the unfiltered 
final effluent over the period 1947-57 
has been 24.5 ppm, and that of the 
filtered effluent, 7.4 ppm. Except for 
periods when experimental procedures 
were being tried, the BOD of the fil- 
tered final effluent has exceeded 20 
ppm for only 15 weeks in 10 years of 
operation. 


Comparison of Murtcaim and 
115 East Lagoons 


The differences in design between 
the Murtcaim and 115 East lagoons 
make it pertinent to compare the per- 
formance of the two installations to 
discover which is more efficient. 

The Murtcaim Anaerobic Lagoon 1 
has been in operation only since Sept. 
1, 1956, and it is too soon to examine 
the results from it. However, An- 
aerobic Lagoon 2 has been used since 
Nov. 30, 1953, and the following is a 
summary of its behavior. 
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TABLE VIII.—Load and Performance of Anaerobic Lagoon 2, Murtcaim 
| BOD BOD 
F (ppm) (Ib/day /acre) BOD | Cale. 
Date ow | | Removal | Detention 
Infl.* Ef. Applied | Removed 
(a) SUMMER OPERATION 
11/7 to 12/19/54 7.8 355 48 461 399 87 2.9 
1/1 to 4/3/56 15.7 307 86 803 578 72 1.4 
4/10 to 5/8/56 8.1 411 126 555 398 72 2.8 
(b) WinTER OPERATION 
6/27 to 8/22/54 6.0 400 119 400 281 70 3.7 
7/31 to 9/25/55 9.5 228 361 233 65 2.4 
6/17 to 7/29/56 5.9 214 114 210 100 48 3.8 
8/1 to 8/27/57 12.0 418 220 836 396 | 47 | #19 
| 
* Settled sewage. 
The layout of these particular ponds experimental value. Once again, the 


is shown in Figure 3. Because of the 
odor problem encountered with the 
start-up of the anaerobic areas at 115 
East lagoon, the Murteaim anaerobic 
ponds were loaded very lightly over 
the early stages. A flow of 0.5 mgd 
was admitted for the first 10 weeks. 
Then the flow was increased gradually 
to 3.0 mgd after 17 weeks; and to 6.0 
mgd after 31 weeks. Odor troubles 
were avoided entirely. The pH of the 
ponds was above 6.8 throughout the 
start-up period. 

Although this anaerobie lagoon was 
not loaded to capacity at any time, 
large flows have been handled. Typi- 
cal results for summer and winter op- 
eration are shown in Table VIII. 

The summer BOD removals shown 
are all lower than the experimental 
value of 600 lb per day/acre. How- 
ever, the load was quite small for all 
three periods. It is believed that if the 
load had been greater the performance 
would have approximated the experi- 
mental value more closely. Even so, 
it is likely that the maximum perform- 
ance of this unit would have fallen 
short of the very high values obtained 
at the 115 East lagoon. Winter per- 
formance figures also fall short of the 


small load is believed to cause the 
lower BOD removal. 

With anaerobic units in series, it is 
to be expected that considerable time 
will elapse before the accumulation of 
active, digesting sludge is sufficient to 
permit maximum purifying capacity. 
Assuming sludge accumulation to be a 
significant factor, ultimate capacity 
would be achieved only after a consid- 
erable period. From the results ob- 
tained at both installations it would 
appear that anaerobic lagoons designed 
as a number of ponds in series attain 
maximum capacity more slowly than 
when the unit consists of a single pond 
or a number of ponds in parallel. 


Sludge Accumulation 


Over a period of 10 yr the Murtcaim 
installation has treated 35,459 mil gal 
of settled sewage without any neces- 
sity for sludge removal. However, in 
the summer of 1956-57, Aerobie La- 
goon 1 and Anaerobic Lagoon 3 were 
taken out of operation, drained, and 
the surface allowed to dry. Inspection 
revealed that in Anaerobic Lagoon 3, 
which had been out of service since 
June 17, 1956, the sludge layer was 
only 3 to 6 in. thick. Apparently most 
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FIGURE 4.—Layout of Braeside lagoons. 


of the solids had moved into Aerobic 
Lagoon 1. Over 80 per cent of the 
area of Aerobic Lagoon 1 there was 
only about 2 to 3 in. of sludge. Over 
the remaining 20 per cent, however, 


the sludge banks were 18 to 24 in. 
thick. The thicker deposits were 
mostly near the present outlet weir. 
Although this sludge accumulation 
did not materially alter the volumetric 
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capacity of the lagoon, observations | e | 
during summer months showed that . 
gassing of the accumulated solids in- 
terfered with the efficiency of treat- 
ment. This phenomenon was also ob- 
served at the 115 East lagoon. 

It would appear that with long-term 
operation of aerobie lagoons, the pas- 
sage of solids from the anaerobic to the 


3t 


Lagoon No. 


acrobie areas interferes with perform- 
ance. This means, of course, that steps 
should be taken to prevent such a 
transfer. 


Braeside Lagoons 
Description 

The Braeside plant treats the sew- 
age from an area 16 miles southeast of 
Melbourne. The plant consists of pri- 
mary sedimentation with separate 
sludge digestion, two trickling filters in 
parallel, and two humus tanks, also in 
parallel. In summer, the humus tank 
effluent, after passing through Lagoon 
1, is pumped to Lagoon 2. The efflu- 
ent from Lagoon 2 is used for irriga- 
tion. In winter, the humus tank efflu- 
ent passes from Lagoon 1 to Lagoon 3 
prior to discharge. The layout is 
shown in Figure 4. 

The treatment plant was first op- 
erated in 1941. At present the con 
tributory population is 24,000 and the 
dry weather flow is 1.2 med. 

At the commencement of operation, 
the filter loading was such that the 
BOD of the humus tank effluent was 
quite low and the lagoons did little 
more than polish the effluent. With in- 
creasing flows, however, the humus 
tank effluent has deteriorated and a 
greatly increased load has been placed 
on the lagoons. 

Lagoons 2 and 3 always contain some 
DO. At the highest loadings Lagoon 1 
has been deficient in DO but there have 
been no appreciable odors. 


Lagoon No. 2* 


t Effective area: summer, 2.5 acres; winter, 1.3 acres. 
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t Operated in winter only. 
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Performance 


* Operated in summer only. 


The performance of the plant is ex- 
amined monthly. Samples are col- 
lected over a 24-hr period at various 
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points in the plant and a single grab 
sample is taken of the various lagoon 
effluents. 

The performance of the three la- 
goons, averaged over 12 monthly pe- 
riods for the years 1942-43, 1947-48, 
1951-52, and 1955-56, are shown in 
Table IX. The BOD data reported 
are for unfiltered samples. 

The BOD loadings on Lagoon 1 have 
been extremely high, up to 415 lb per 
day /acre in winter and 203 lb per day/ 
acre in summer. The performance in 
summer has been very much lower than 
in winter. In 1955-56 the BOD re- 
moval was 58.8 lb per day/acre in 
summer, compared with 267 lb per 
day/acre in winter. From experience 
with other lagoons, the summer re- 
movals are as high as might be ex- 
pected, but the winter performance is 
far in excess of any of the results ob- 
tained at Werribee. 

There was very little algal matter 
present in the lagoon as shown by the 
low suspended solids content of the 
effluent. There were, however, consid- 
erable quantities of solids carried over 
from the humus tanks and it is pos- 
sible that their rate of digestion in the 
lagoon is much greater in summer than 
winter. Rapid digestion during the 
summer could possibly place an in- 
creased oxygen demand on the pond. 
Moreover, an oxygen demand of this 
type would go undetected because of 
sampling procedures used. 

The suspended solids in the effluents 
from all three lagoons were quite low 
on nearly all occasions. This suggests 
that for most of the period of opera- 
tion there has been very little algal de- 
velopment. This has been confirmed 
by visual observation. A lagoon at 
Castlemaine, Victoria, which treats the 
effluent from a trickling filter plant, 
also has been found to produce an 
algal-free effluent. The reason for the 
absence of a profuse algal development 
in these lagoons is not clear. The efflu- 
ent at all times contained some oxidized 
nitrogen in contrast to the Werribee 
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effluent which contained none, suggest- 
ing that this might be responsible for 
the non-development of algae. 


Discussion 
General 


The 16-yr study of Melbourne’s la- 
goons has shown that the process may 
be relied on to give satisfactory treat- 
ment when used for four different pur- 
poses: (a) to complete the treatment 
of trickling filter effluents; (b) to com- 
plete the treatment of land-treatment 
effluents; (c) to give complete treat- 
ment to normal strength sewage; and 
(d) to give complete treatment to 
weak, storm-flow sewage. 


Braeside Lagoons 


The lagoons at the Braeside treat- 
ment plant have been subjected to an 
ever-increasing load. Their ability to 
produce continuously a_ satisfactory 
final effluent has demonstrated the val- 
uable function lagoons can serve in 
connection with overloaded trickling 
filter plants. 

The absence of profuse algal growths 
in these lagoons was of considerable in- 
terest. Experience in other parts of 
Victoria would suggest that algae sel- 
dom develop in lagoons treating trick- 
ling filter effluents. The BOD removal 
by relatively algal-free lagoons would 
have been expected to be small inas- 
much as experience at Werribee sug- 
gests a maximum removal of 25 to 30 
lb per day/acre. However, the actual 
removals achieved by Lagoon 1, 55 t: 
60 lb per day /acre in summer and the 
extraordinarily high figure of 267 Ib 
per day/acre in winter, are far in ex- 
cess of the Werribee values. These 
high performance figures and_ the 
anomalous higher value in winter dem- 
onstrate the desirability of further 


study of this hitherto unexplored ap- 
plication of lagoon treatment. 

The experience at the Braeside treat- 
ment works suggests that economical 
complete treatment may be effected by 
using the high-rate trickling filter and 
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lagoon in combination. At 
Braeside, the complete treatment of an 
essentially domestic from a 
population of 24,000 is achieved by 
trickling filters containing 800 eu yd 
of stone, followed by 20 acres of la- 


processes 


sewage 


Yoons. 


Murtcaim Lagoon 


The early operation of the Murtcaim 
lagoon, Werribee, demonstrated the 
ability of lagoons to complete the treat- 
ment of partially treated land efflu- 
Treatment of sewage by the land 
processes of pasture irrigation in sum- 
mer and filtration in winter 
normally results in a high-class fully- 
treated effluent. When weather condi- 
tions are unsuitable, however, there is 
some deterioration in performance. In 
instances lagoons are used to 
great advantage. 

The treatment of large volumes of 
weak under storm-flow condi- 
tions is a particularly difficult prob- 
lem at Werribee. This problem will 
become more acute when a new 250- 
mgd pumping station goes into opera- 
tion. Present pumping capacity is 130 
mgd. Earlier experimental work has 
shown that such weak sewage (BOD of 
150 to 200 ppm) may be treated by 
holding it in ponds for 20 to 30 days. 
Under these conditions the BOD re- 
moval is of the order of 50 to 60 Ib 
per day/acre. At present there is 
under construction a lagoon area of 
2,000 handle the expected 
storm flows in this way. However, the 


ents. 


grass 


these 


sewage 


acres to 


results of treating weak sewage by 
continuous treatment in two-stage la- 
goons suggest that more efficient use 


of the area would be made if it is op- 
erated on a continuous-flow basis. 

The results of operation of large- 
anaerobic-aerobic lagoons to 
treat normal strength sewage have con- 
firmed the performance data obtained 
in the earlier studies (2). Maximum 
summertime BOD removals of an an- 
ranged from 578 to 
1,806 lb per day/acre, which are in ex- 


scale, 


aerobic lavoon 
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cess of the value of 600 lb per day, 
acre obtained in the experimental work 
2). Winter removals ranged from 
420 to 540 lb per day/aere, which are 
very close to the experimental value of 
450 lb per day/acre (2). As BOD re- 
moval in the anaerobie units is 60 to 
70 per cent, conservative BOD design 
loadings would be, say, 900 to 1,200 Ib 
per day/acre in summer, and 675 Ib 
per day/acre in winter. 

Many investigators have reported 
BOD removals by aerobic lagoons to be 
of the order of 50 to 70 lb per day, 
acre. The results at Werribee have 
been of the same order although sum- 


mer removals have been somewhat 
higher. Design figures of 60 lb per 


day/acre in winter and 90 to 100 lb 
per day/acre in summer would be rea- 
sonable values to adopt. 


Aerobic-Anaerobic Ratio 


The ratio between the area of aero- 
bic and anaerobie units is an impor- 
tant design factor. The early experi- 
ments utilized a ratio of 15 to 1 (2). 
The Murteaim lagoon, before the con- 
struction of Anaerobic Lagoons 1 and 
2, also had a ratio of about 15 to 1. 
The 115 East lagoon was deliberately 
with the very low ratio of 
3 to 1 in order to examine the practi- 
eability of such a design. The Murt- 
caim lagoon, including the areas of 
Anaerobie Lagoons 1 and 2, has a ratio 
of 5 to 1. 

The 115 East lagoon, with the low 
ratio of 3 to 1, proved a bit sensitive 
to short-term changes in the BOD of 
the anaerobic effluent, whereas the sta- 
bility of performance at a ratio of 15 
to 1 suggests that this ratio is unduly 
conservative. The data indicate ratios 
between 5 to 1 and 10 to 1 should prove 
adequate. Based on past performance, 
an optimum area ratio of 6.0, and a 
lagoon depth of 2 ft, the required de- 
tentions for Melbourne sewage in sum- 
mer are 1.25 days in the anaerobic and 
7.5 days in the aerobie units. In 
winter, the detentions are 4.75 and 28 


designed 
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days for the anaerobic and aerobic 
units, respectively. 


Poor Performances 


Particular attention has been paid 
to periods of poor performance in 
order to understand the reason for 
their occurrence. In most cases, ex- 
cessive BOD loading was believed to 
be responsible for the upsets. Other 
conditions believed to contribute to 
poor performances include the de- 
velopment of localized septic areas as- 
sociated with sludge banks in the aero- 
bie lagoons and, very occasionally, high 
sulfide concentrations in the effluent 
from the anaerobic units. 


Sludge Banks 


The development of sludge banks in 
the aerobic lagoon is caused by the 
carry-over of solids from the anaerobic 
unit. The interposition of short-time 
sedimentation units between the two 
lagoons should greatly minimize this 
problem. The construction of the an- 
aerobie lagoon as a series of ponds 
would also impede the discharge of 
solids to the aerobie unit. 

The frequency of sludge removal 
from lagoons has considerable bearing 
on the cost of operation. The fre- 
quency will depend to a great extent 
on the solids content of the sewage 
being treated and the loading inten- 
sity. Experience here indicates that 
both anaerobic and aerobic lagoons re- 
quire desludging only every 6 to 10 
yr. Where loadings are lighter, sludge 
removal would, of course, be less fre- 
quent. 


Odors 


Owing to the strength of the sewage 
to be treated, it has been found im- 
possible to maintain aerobic conditions 
in a single-stage lagoon unless very 
generous detention is provided. This 
was demonstrated by the rapid de- 
velopment of anaerobic conditions in 
the part of the Murtcaim lagoon ad- 
jacent to the inlet. 
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With the two-stage anaerobic-aerobic 
process, devised to treat strong sewage, 
the aerobie section remains odor-free 
without any special attention. There 
is, however, a certain amount of odor 
detectable, at times, from the anaero- 
bie units. Provided such units are 
properly operated, the sulfide content 
under Melbourne conditions has been 
found to be 2 to 4 ppm. Since the pH 
of the lagoon contents is higher than 
that of raw sewage, the odor level is 
below that associated with a similar 
area of raw sewage. Extreme odor 
nuisance may arise at the commence- 
ment of operation of new units through 
incorrect loading. This can be pre- 
vented by careful supervision of the 
admitted flow. Nevertheless, it should 
be recognized that a certain amount of 
odor normally is present and for that 
reason an aerobic-anaerobic installa- 
tion should not be placed immediately 
adjacent to built-up areas. 


Depth 


The depth of aerobic lagoons de- 
scribed herein varies between 1.5 and 
4 to 5 ft. Conditions of topography 
have been permitted to govern the 
depth and, as shown in the earlier ex- 
periments (2), this variation has very 
little influence on performance. An- 
aerobic lagoons, of course, must be 
deep enough to provide adequate 
sludge storage capacity. The depth of 
those units should be not less than 3 
to 4 ft. 


Conclusion 


Over periods of 6, 10, and 16 yr, 
respectively, three lagoon installations 
have been studied. These lengthy 
trials offer rather conclusive proof of 
the reliability of this type of treat- 
ment. Repeated checks on perform- 
ance indicate that the performance 
results reported herein may be re- 
produced continuously. Apart from 
sludge removal at very infrequent in- 
tervals, very little maintenance is 
necessary. 
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NTTCIW MEETS IN CINCINNATI 


The National Technical Task Committee on Industrial Wastes held its 
ninth annual meeting December 11-12 at the Robert A. Taft Sanitary 
Engineering Center in Cincinnati, with 52 scientists and engineers 
representing many of the nation’s industries in attendance. 

The Task Committee, chaired by Dr. Richard D. Hoak, Senior Fellow 
of the Mellon Institute, Pittsburgh, continued to direct its attention both 
to immediate and long range planning concerning problems related to 
industrial wastes. The Committee was created in 1950 by the Surgeon 
General of the U. 8. Public Health Service. It serves as an industry 
forum on waste problems and as an advisory group to the Public Health 
Service. 

At the technical session the four task groups of the Committee (food 
industries, mineral products, chemical processing, and general industry) 
met in separate sessions to exchange and consolidate their views on 
their specialized problems. Summaries of these meetings were then re- 
ported to the entire group. 

During the business meeting the following were elected officers for 
the coming year: Ray S. Glynn, Director of Sanitation Research and 
Development, Association of American Railroads, Chairman; A. J. 
Steffen, Director of Sanitary Engineering, Research and Technical Di- 
vision, Wilson & Co., Ine., Chicago, Vice Chairman; L. S. Warrick, 
Sanitary Engineer Director, Technical Services Consultant, Water Sup- 
ply and Water Pollution Control Program, Public Health Service, Secre- 
tary. 


: 
ak 
3 
: 
4 
3 
: 


CLOGGING STUDIES OF FINE BUBBLE 
DIFFUSER MEDIA * 


By Puiuie F. Morgan 


Professor of Sanitary Engineering, State University of Iowa, Iowa City, Iowa 


Fine bubble diffusion of air into 
sewage has been generally used as the 
most economical method of supplying 
dissolved oxygen for aerobic sewage 
treatment systems since the develop- 
ment of the activated sludge process. 
The fine bubbles are desirable since 
they provide added total liquid-gas 
interfacial area for oxygen transfer 
and smaller bubbles rise through the 
liquid more slowly, thereby providing 
a longer contact time with the liquid. 

For many years the importance of 
fine bubble diffusion was generally ac- 
cepted but it was only in recent years 
that investigators have attempted a 
thorough study of the actual rates of 
oxygen transfer from bubbles to the 


surrounding liquid. These studies 
have been reported by Ippen and 
Carver (1), Carver (2), King (3), 


Haney (4), and Pasveer (5). 

In spite of this progress fine bubble 
diffusion has not always been success- 
ful because of the problem of clogged 
diffuser media. At some plants clog- 
ging has been so bad that fine bubble 
diffusion has been abandoned, yet at 
others no serious difficulty has been en- 
countered, 

A study of the causes of clogging 
at those plants where the problem has 
been encountered has led to conflicting 
results. At some the cause was ap- 
parent and remedial measures were 
effective while at others the cause was 
not apparent. In an attempt to better 
understand the various causes of dif- 
fuser media clogging, a _ laboratory 

* Presented at the 13th Industrial Waste 
Conference, Purdue University; Lafayette, 
Ind.; May 5-7, 1958. 


study of the problem was undertaken 
in 1945 and is summarized in this 
paper. Other details of the study have 
been presented elsewhere (6). 

Various causes of clogging, both ex- 
ternal and internal, were investigated 
including the effect of iron salts, cal- 
cium bicarbonate hardness, fine sand 
in the liquid, and the effect of partic- 
ulate matter and humidity in the air 
supply. 


Synthetic Plant Conditions 


These studies were undertaken to 
reproduce clogging in the laboratory 
similar to that encountered in oper- 
ating plants but under controlled con- 
ditions where quantitative data could 
be obtained. All of these laboratory 
studies can be classed as accelerated 
studies because the work was planned 
to clog the diffuser media in as short a 
time as possible and yet to be com- 
parable to plant conditions. In most 
eases the laboratory conditions are 
comparable to the worst possible field 
conditions. 

Each laboratory clogging study was 
carried on with 3 1-ft long diffuser 
tubes mounted along one side of an 
aeration tank having a width of 514 
ft, a water depth of 4 ft, and a length 
of 21%, ft. The bottom and top edges 
of the tank were filleted to enhance the 
rolling action similar to that in con- 
ventional diffused-air aeration tanks. 
Air was supplied by a 12-cfm rotary, 
positive-displacement blower, and was 
metered by an orifice to each diffuser 
tube. The quality of the air was con- 
trolled by the use of line-filters and 
the quantity was determined by dis- 
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charging a known volume of air 
through a Soxhlet thimble according 
to the procedure suggested by Beck 

Once a test was started, operation 
was continuous to the end of the test 
period. Air rates and all pressure 
readings were recorded once a day and 
air flow to the individual tubes was 
adjusted as necessary to maintain a 
constant flow of 3 cfm per 1-ft tube. 


Iron Clogging 


The primary object of this series 
of studies was to determine the effect 
of a ferrous salt in the aerating liquor 
on the rate of tube clogging. 

For Runs 2 and 3, there was a 
continuous flow of sewage through the 
tank to provide a detention period of 
about 1% hr. Ferrous sulfate was 
added to this flow to provide an aver- 
age concentration of approximately 100 
ppm Fe in the incoming sewage. To 
provide a control, an additional tank 
was utilized. This tank received a 
similar flow of sewage but did not re- 
ceive iron salt. The diffuser units for 
these two runs were standard saran 
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cord, wrapped stainless steel core 
tubes. 

In Run No. 2 the effect of high par- 
ticulate matter in combination with 


iron was observed by filtering the air 
to only one diffuser. The average 
quality of the raw air was 4.7 mg of 
particulate matter per 1,000 cu ft of 
raw air on the basis of a 60,000 cu ft 
sample. The results of the run are 
shown in Figure 1. It is apparent 
that the iron was responsible for an 
exceedingly rapid rate of clogging and, 
at this rate of clogging, the high par- 
ticulate matter had no appreciable ef- 
fect. It is also apparent that this was 
caused by the iron salts and not the 
sewage since the control showed no in- 
crease in head loss. 

Run No. 3 was conducted in exactly 
the same way as the earlier run except 
that head loss data were recorded at 
greater frequency and were compared 
with the actual hours during which 
the iron was added. The iron added 
over each 24-hr period provided an 
average of 100 ppm as iron in the in- 
coming sewage but the period of actual 
addition was somewhat less than 24 hr. 
The period of iron addition as well as 
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FIGURE 1.—Effect of ferrous iron salts on diffuser clogging rate. 
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FIGURE 2.—Effect of intermittent ferrous iron on diffuser clogging rate. 


head loss results are shown in Figure 
2. Cleaned, rather than new, diffuser 
units were used for this series but this 
apparently had little effect. The raw 
air had an average particulate content 
of 5.0 mg/1,000 cu ft and the filtered 
air had 0.0 mg/1,000 cu ft on the basis 
of two 23,000-cu ft samples. The iron 
addition was not started until 214 days 
after head loss observations were be- 
gun. When the iron was started its 
effect was immediately apparent and 
each time it was temporarily stopped 
there was a partial recovery. It would 
also appear that the particulate matter 
in the raw air aggravates the clogging 
as indicated bh. the difference in head 
loss between“. } .ud No. 2 tubes even 
though it had no effect in this short 
period o. the control. 


Calcium Bicarbonate Clogging 


Since natural hardness in water has 
also been cited as cause for diffuser 
media clogging, this series of studies 
was undertaken to determine at what 
rate clogging could be accomplished 
under laboratory conditions. Hard 
water was artificially produced in two 


tanks which were identical to the aera- 
tion tank by diffusing CO. through a 
high-calcium lime suspension accord- 
ing to the formula 


3Ca(OH). + 6 8Ca(HCQOs)>. 


Each day one tank was charged with 
water, lime, and COs, then allowed to 
stand quiescent for about 23 hr to 
allow for the precipitation of excess 
CaCO s. The clarified hard water was 
pumped to the aeration tank at a rate 
of 0.15 to 0.25 gpm until the following 
day, when the other tank of hard water 
would be ready to use. The aeration 
tanks thus received a continuous flow 
of water containing about 650 ppm 
ealecium bicarbonate hardness. The 
natural alkalinity of water used for 
making this hard water was 100 to 175 
ppm. 

Runs 6 and 7 were completed to de- 
termine the rate of clogging of saran- 
wrapped diffuser tubes with hard wa- 
ter, using both clean and dirty air. 
The results are shown in Figure 3. It 
is apparent that the tubes were im- 
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FIGURE 3.—Effect of calcium bicarbonate hardness on diffuser 
clogging rate. 


mediately affected by the hard water 
and that the particulate content of the 
air had no effect on the clogging rate 
for the first 11 days of the study. 
Ilowever, in Run 6 after 17 days (not 
shown in Figure 3), the dirty air did 
result in additional clogging even 
though it contained only 0.8 mg/1,000 
cu ft. Run 7 was not continued be- 
yond the time shown in Figure 3 to 
determine possible additional effect of 
particulate matter on the clogging rate. 

In considering these results in rela- 
tion to natural hardness it must be 
remembered that this hardness was all 
calcium bicarbonate. A similar effect 
would not be expected with magnesium 
hardness because its 
greater solubility. 


bicarbonate of 


Sand Clogging 


In an attempt to clog diffuser media 
with fine sand, a supply of silica sand 
having the analyses shown in Table I 
was added directly to the aeration 
tank. The tank was initially filled 
with tap water and daily additions 
made up for evaporation. The sand 
was maintained in suspension by the 
circulating current in the aeration tank 
and by two air lifts which continuously 


lifted the sand deposited below the 
tubes. 

Figure 4 presents the data from Runs 
11C and 11D. It indicates the rate of 
increase of head loss of three media 
in the presence of sand and the aver- 
age concentration of sand suspension 
for the duration of each tube test. The 
air supply for both of these runs was 
filtered, and for Run 11D the average 
particulate content was 0.0384 mg/1,000 
cu ft. Quantitative data on the air 
quality are not available for Run 11C. 
It is apparent that all three media, 
saran, ceramic, and polyethylene, were 
clogged by the sand and that the saran 
was clogged somewhat sooner. 

On the basis of the clogging rate of 
three saran tubes, the concentration 


TABLE I.—Analysis of Sand Used in Diffuser 


Clogging Experiments 
. | Material Removed 
Added — from Clogged Tube 


to Aera- | in Aera- |——— 
Grain Size tion | tion 

(u) Tank Tank As Soluble 

(per (per Collected | in HCl 
cent) cent) | (per 

| cent) 
Over 250 | 0.0 | 15.9 
250-147 22.7 
147-105 | 34.8 | 10.2 
105-74 | 47.5} 5.9 
Less than 74 17.6 | 7.0 
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of the sand in the range tested ap- 
peared not to control the rate of clog- 
ging since the tube in the lowest aver- 
age concentration of 658 ppm clogged 
at about the same rate as the tube 
in the highest concentration of 992 
ppm. 

An analysis of the sand removed 
from the windings of a clogged saran 
tube (Table I) indicated that some of 
the particles were considerably larger 
than the original sand and further that 
these particles were partly soluble in 
HCl. Microscopic examination of these 
larger particles confirmed the fact that 
they were mostly clumps of the smaller 
silica sand particles cemented together, 
presumably with calcium carbonate. 
This would indicate that, at least for 
these tests, the sand clogging may ac- 
tually have been a combination of sand 
clogging and calcium carbonate deposi- 
tion. Since the greatest proportion of 
the silica material removed from the 
windings, after correcting for the 
cemented particles, was under 74 yp, it 
can be assumed that it is the fine sand 
that causes the clogging. This may ex- 
plain why sand clogging is seldom en- 
countered in plants in view of the fact 
that sand particle sizes this small are 
rarely present. 
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Effect of Humidity 


The effect of humidity in the air on 
the rate of diffuser media clogging, in 
combination with each of the other 
causes of clogging, was investigated as 
part of other studies. To check the 
effect of humidity one tube in a study 
received air to which steam was added. 
The relative humidity of the air before 
humidification was determined daily, 
and the amount of moisture needed for 
100-per cent saturation at the tempera- 
ture and pressure conditions inside the 
diffuser tube was determined and was 
added as wet steam just inside the 
diffuser tube. 

The effect of humidification of the 
air supply on the rate of clogging 
under two operating conditions is 
shown in Figures 5 and 6, A summary 
of results from five runs in which hu- 
midification was used is presented in 
Table Il. From an examination of the 
curves and the Table, it appears that 
humidification very materially in- 
creases the clogging rate when appreci- 
able amounts of particulate matter are 
present in the air supply. It materi- 
ally increases the clogging caused by 
ferrous iron in sewage, even with air 
that until recently was considered 
relatively clean. Humidification has 
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FIGURE 4.—Effect of fine sand on diffuser clogging rate. 
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FIGURE 5.—Effect of humidity on diffuser clogging rate with 100 ppm 
ferrous iron in sewage. 


no effect when a truly clean air supply 
is used. 

It can, therefore, be concluded that 
humidification is not generally of value 
in reducing clogging and, in fact, when 
the air supply contains particulate 
matter and when ferrous iron is pres- 
ent in the sewage, it is definitely harm- 


ful. This generally corroborates plant 
experience where head loss has been 
observed to increase suddenly during 
warm humid weather. The possible 
value of humidification where the air 
supply is clean and high calcium bi- 
earbonate hardness is encountered is 
being investigated. 
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FIGURE 6.—Effect of humidity on diffuser clogging rate with particulate 
matter in air supply. 
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TABLE Il.—Effect of High-Humidity Air on Rate of Clogging Diffuser Media in Sewage 


Run No. Clogging | air Humidity | | Clogging Rate 
l Fe** Partial 0.07 Double that at same 
quality dry air 

2 Fe** Partial 0.0 No effect 

3 Fett 100% 0.0 | No effect 

4 Particulate 100% Dirty* | Three times that of same 
matter | quantity dry air 

5 Particulate | 100% 1.8 to 43.3. | Several times that of same 
matter 


Effect of Particulate Matter on the 
Air Supply 


Particulate matter in the air supply 
is probably the most common cause of 
clogging and yet this is the most diffi- 
eult to reproduce in the laboratory 
because of the difficulty of controlling 
the addition of these solids. Various 
dust-feeding devices such those 
recommended by the American Air 
Filter Institute (8) were considered 
but were rejected because they could 
not be adapted to the conditions re- 
quired for testing diffusers nor could 
they be operated at a low enough rate 
of dust feed to be comparable to field 
conditions. The particulate feeder 
finally selected was a common kerosene 
lamp set at a blower intake. It could 
be adjusted to provide more or less 
smoke and thereby control the quality 
of the air. For preliminary studies 
the laboratory air was used as a source 
of dirty air with considerable success. 

Particulate matter appears to be 
much more objectionable in air when 


quality dry air 


it is not the only cause of clogging. 
Table III is a tabulation of the effect 
of particulate matter taken from Fig- 
ures 1 through 6. From these results 
it appears that in dry air the increase 
in clogging caused by particulate mat- 
ter is effective only after an appreci- 
able period of time, 5 to 11 days in 
these accelerated tests. It has been 
assumed that this period is the time 
required for enough pores to become 
filled to affect the air flow through the 
media. When the air is humidified the 
rate of clogging from particulate mat- 
ter is greatly accelerated. This has 
been explained in the section on hu- 
midification. It also appears that 
there is no delay in clogging even with 
as little particulate matter as 0.07 mg 

1,000 cu ft of air. 

An estimate of the quantity of par- 
ticulate matter required to increase 
the head loss (of a 1-ft tube) 22 in. 
over its initial loss was obtained by 
computing the amount of particulate 
matter discharged to the tube shown 


TABLE III.—Effect of Particulate Matter on Rate of Clogging Diffuser Media 


Figure No. Clossing Humidity Effect of Particulate Matter 
j | 
1 Fet+ 4.7 Dry | For 6 days shown, no effect 
2 Fet* 5.0 Dry After 5 days, increased 
clogging 
5 Fett 07 Partial Increased clogging from 
| | beginning 
6 Particulate | 1.8 to 37.4 J Dry | After 5 days, slight increase 
matter | 100% After 5 days, considerable in- 
crease 
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FIGURE 7.—Diffuser clogging rate 


with saturated air and high particu- 


late content. 


Figure 6 
This was compared to a similar tube 


Figure 7) which 


in over the 7-day period. 
was clogged to the 
100 min. It required 


875 me of solids to clog the tube in 100 


same degree in 


min 


and 555 me to clog it in seven 
days. This was a very close agreement 
if corrections are made for the fact 


that with the high particulate concen- 


tration there was some precipitation on 
the pipe walls preceding the diffuser. 

The rate of particulate 
matter in dry air is much less than in 
humid air as shown by Figure &. The 
of the the 
clean air tube is a result of the varying 
air flow to the tubes but the difference 
in pressure loss of the two tubes is due 


clogging 


variation pressure loss of 
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FIGURE 8.—Diffuser clogging rate with particulate matter in dry air. 
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to the clogging of the tube with par- 
ticulate matter. It is apparent that 
there is a partial recovery each time 
the particulate matter is reduced. 
Prolonged tests would be necessary to 
get complete clogging of a diffuser 
with dry air and with concentrations 
in the range of the test. 


Discussion 


The information on iron clogging 
has confirmed that which was known 
from plant experience. Ferrous iron 
will result in external clogging. The 
elimination of this clogging apparently 
depends on the exclusion of ferrous 
iron from the sewer. It is an indus- 
trial waste that does not belong in a 
public sewer since it interferes with 
efficient plant operation. 

The information on clogging rate 
caused by calcium bicarbonate hard- 
ness in the water supply is not as well 
understood, probably because it is not 
commonly encountered. Of these bi- 
carbonates, only calcium is objection- 
able and is found in troublesome con- 
centrations in few cities. The use of 
humidification and truly clean air may 
offer a solution to this type of clogging. 

Sand clogging has been encountered 
in only a few plants in the United 
States, apparently because the small 
grain size sand found responsible is 
not present. The possibility of calcite 
cementing in connection with sand 
clogging should be investigated where 
sand is a problem. If it does con- 
tribute, corrective measures may be 
taken. 

Clogging by particulate matter in 
the air supply is by far the most com- 
mon cause of clogging in operating 
plants and for this reason the informa- 
tion gained on this subject is most 
valuable. It has been shown that par- 
ticulate clogging is indeed serious and 
furthermore that it is dependent to a 
large extent on the relative humidity 
of the air supply. This explains why 
clogging has been accelerated at many 
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plants during periods of warm humid 
weather. It is not the humidity that 
clogs the media but rather the partic- 
ulate matter, which is more objection- 
able in the presence of moisture. This 
work indicates the importance of pro- 
viding clean air for air diffusion since 
dehumidification is not practical. 

The value of clean air has previously 
been pointed out by others but there 
has been no general acceptance of the 
need for clean air nor any general ac- 
ceptance of how clean the air should 
be. Anderson (9) pointed out in 1950 
that plates at the Chicago Southwest 
Plant supplied with air cleaned to a 
particulate matter concentration of 0.5 
mg/1,000 cu ft lasted five times longer 
than plates supplied with 2.5-mg/1,000 
cu ft air. Operation of this plant since 
then has proven the value of using 
even cleaner air. 

When the Chicago Southwest Plant 
was first started, particulate material 
in the air supply resulted in the clog- 
ging of diffuser media so severe that 
at times plant operation was almost 
impossible. In 1950 this clogging 
problem was solved by pioneering the 
installation of precoated bag filters 
using asbestos ‘‘floats’’ as a precoat, to 
provide truly clean air. 

Beck (10) has provided operating 
data from the Southwest Plant which 
shows the efficiency of precoated bag 
filters and proves the value of using 
truly clean air to eliminate diffuser 
clogging. This information is sum- 
marized in Tables IV and V. 


TABLE IV.—Air Quality, Chicago Southwest 
Sewage Treatment Plant, from 
Annual Reports (9) 


Air Dust Concentration (mg/1,000 eu ft) 


Year j 
Filte As Supplied t 
Raw Air Tanke 
1951 3.71 0.09 0.17 
1955 10.9 0.04 0.04 
1956 9.0 0.014 0.032 
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TABLE V.—Chicago Southwest Sewage Treat- 
ment Plant, Head Loss Across Diffuser 
Plates (9), Tank No. 2, Battery B 


Cumula Plate Pressure Loss 
tive Rate of 
Dat Air Flow Air Flow 
- Per Plate Per Plate At Tank | At Tank 
(million (etm) Influent Effluent 
eu tt) (psi) (psi) 
January 
1950 5.0 3.19 0.23 0.21 
March 
1957 23.0 3.20 0.21 0.28 


Summary and Conclusions 


Air diffusion media has been clogged 
in the laboratory with particulate mat- 
ter in the air supply, with fine sand 
in the tank liquor, with excessive cal- 
cium bicarbonate hardness in the water 
supply, and with ferrous iron salts 
in the sewage. 

Particulate matter in the air supply 
has undoubtedly caused more media 
clogging in operating plants than any 
other single cause. It has been shown 
that the clogging rate from particulate 
matter, other factors being the same, is 
proportional to the quantity of the ma- 
terial in the air supply. It is also de- 
pendent to a large extent on the rela- 
tive humidity of the air supply. Clog- 
ging with even moderate amounts of 
particulate matter may be extremely 
rapid if the air is saturated, whereas 
at 20 per cent relative humidity the 
same particulate matter results in only 
moderate clogging. 

Plant operating records have shown 
that bag filters precoated with asbestos 
‘“*floats’’ will supply air containing 
less than 0.10 mg of particulate matter 
per 1,000 eu ft of air. With this high- 
quality air, clogging from particulate 
matter will not be a problem. It is 
recommended that precoated bag filters 
be used for filtering air for aeration 
tanks and that they be specified to pro- 
duce an air containing not more than 
0.1 mg of particulate matter per 1,000 
cu ft. 

Ferrous iron, when present in the 
tank influent in sufficient concentra- 
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tions, will definitely clog diffuser 
media. It is, therefore, an undesirable 
material as a part of incoming sewage. 

Fine sand of 100-1 diameter or 
smaller will clog diffuser media. The 
clogging rate may be aggravated if 
hard water is present. If so, corrective 
measures may be undertaken. If sand 
alone is responsible, the media pore 
size can be changed to avoid the par- 
ticle size encountered. 

All forms of clogging investigated 
in this study were aggravated by par- 
ticulate matter in the air supply. 
Therefore, it is important that air 
quality be carefully examined, and if 
necessary that high-quality air filters 
be provided before other corrective 
measures are undertaken. The correc- 
tive measures outlined above for spe- 
cific causes of clogging can be effec- 
tively applied only with a clean air 
supply. 
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NEW FEDERATION PUBLICATIONS 


Two new Manuals of Practice are now available. The first of these 
is a revision of Manual of Practice No. 1, the Federation safety manual, 
originally issued in 1944, and is entitled ‘‘Safety in Wastewater Works.”’ 
The second is the result of joint effort by the Federation and the Ameri- 
can Society of Civil Engineers and is Manual of Practice No. 8, en- 
titled ‘‘Sewage Treatment Plant Design.’’ 

When remittance accompanies order, the manual prices include post- 
age. Send check or money order to the Federation office, made payable 
to FSIWA. 

See page 76a of this issue for complete listing of Federation publi- 
cations. 


SAFETY IN WASTEWATER WORKS 

The new safety manual is a 64-page publication following the general 
format of THis JourNAL. It has been completely revised so as to in- 
clude the most useful information on this very important aspect of op- 
eration. The revision has been made by the Federation Safety Com- 
mittee, J. J. Wirts, Chairman, under the general guidance of the Sewage 
and Industrial Wastes Practice Committee, chaired by Morris M. Cohn. 

For several months orders for hundreds of these manuals have been 
on hand in the Federation office. These are now being filled as rapidly 
as possible. Prices are 75¢ to members and $1.50 to non-members. 


SEWAGE TREATMENT PLANT DESIGN 


The new design manual is the result of several years’ work by the 
Federation Subcommittee on Sewage Treatment Plant Design of the 
Sewage and Industrial Wastes Practice Committee and the Sanitary 
Engineering Division of ASCE. The joint committee was headed by 
Daniel A. Okun. 

This manual is a comprehensive summary of current practice in 
sewage treatment plant design and will be of great reference value. 
It will have approximately 350 pages, 6” x 9”. Prices are $3.50 to 
members and $7.00 to non-members. 
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DEVELOPMENT OF THE ANAEROBIC CONTACT 
PROCESS * 


I. PILOT-PLANT INVESTIGATIONS AND ECONOMICS 
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of municipal sewage and will be 
pilot-plant investigations and an 
offers the conclusions. 


This investigation was supported by 


This paper summarizes the results of three years of research on the application of 
the anaerobic contact process in the treatment of various types of industrial wastes and 
publishes 
economic analysis. 


issue, discusses other investigations and special expe 
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Part I, to an early 
riments, summarizes the study, and 


4419, from the National 


Introduction 


Apart from the usual 
anaerobic processes employed in the di 
the concentrated 
produced by separation from the con 
ventional processes of waste treatment, 
there have been employed for many 
anaerobic treatment methods 
which varied from the historic septic 
tanks to the more controlled and un 
derstood processes suggested by Bus 
well for the industrial 
wastes.’”’ As a result of experience 
in the intervening period, Buswell (1 
presented in 1949 the results of his 
experience in the treatment of yeast 
and grain wastes in several plants in 
the Midwestern area. 


concept of 


sludges 


vestion of 


ears 


‘*digestion of 


results, 
George G. 


EKneouraged by Buswell’s 
W. J. Fullen, Chemist of 
Hormel and Company, began in 1950 


Presented at the 31st Annual Meeting, 
Federation of Sewage and Industrial Wastes 
Assns.; Detroit, Mich.;: Oct. 1958. 


t U. 8. Patent 2,029,702 (Jan. 23, 1932). 


a series of small-scale pilot-plant tests 
These were 
sufficiently promising to encourage the 
American Meat Institute to embark in 
1952 on a program of investigation and 
evaluation of the process as applied to 
this type of waste, under the direction 
of the present investigators. 

Up to this stage of practice, the 
involved were not separated 
into distinet unit operations or proc- 
The concept of a contact proc- 
ess as distinguished from a separation 
process and their interrelation did not 
exist. Consequently, detention 
periods and low loadings were neces- 
sary. As a result of the large-scale 
pilot-plant tests at the Hormel plant 
1952 to 54, a series of reports 
were presented to the American Meat 
Institute, which summarized and 
published (2). 


on packing plant wastes. 


actions 
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long 
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In 1956 a full-scale plant was con- 
structed at the Wilson and Company 
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PILOT PLANT FLOW DIAGRAM 


FIGURE 1.—Schematic and pilot-plant flow 
diagrams for anaerobic contact process. 


packing plant at Albert Lea, Minn., 
embodying the basic flow diagram 
which resulted from the research. The 
design of this plant has been described 
by Steffen (3). The results of the 
first year’s operation have surpassed 
those predicted from pilot-plant op- 
erations. 

In a comparison of the anaerobic 
contact process and the activated 
sludge process it is found that the two 
are similar except that an anaerobic 
environment is maintained in the 
former. Essentially, the anaerobic 
contact process involves two parts, a 
contact portion where the raw waste 
is intimately mixed with a previously 
developed anaerobic sludge culture, 
and a separation portion where the 
active sludge particles are separated 
from the treated liquor and recycled 
to the contact unit. Various modifica- 
tions of the process are possible from 
the standpoint of the flow diagram and 
the arrangement and type of units; 
however, in this report, the term ‘‘an- 
aerobic contact process’’ will refer to 


a standard flow diagram which in- 
cludes a contact unit, a vacuum degasi- 
fier unit, and a gravity separation unit, 
arranged in that order as shown in the 
schematic flow diagram in Figure 1. 

Previous research and _ pilot-plant 
investigations on the treatment of 
packing plant wastes by the anaerobic 
contact process have been reported by 
Schroepfer ef al. (2). This report con- 
cluded that under proper conditions 
the process was economically appli- 
cable to packing plant waste and 
showed enough promise to warrant 
further study, especially in extending 
its application to other typically or- 
ganic industrial wastes and sewages 
and in furthering the understanding of 
the basic actions and mechanisms in- 
volved in the process. 


Research Objectives and Plan 


The broad objective of the present 
research program was to study the 
factors affecting the efficiency and eco- 
nomics of the anaerobic contact proc 
ess as applied to various sewages and 
industrial wastes. More specifically, 
the research goals for this program 
could be stated as follows: 


1. To extend the application of the 
anaerobic contact process to certain 
other industrial wastes and sewage, 
and to study and evaluate the factors 
which affect the efficiency and eco- 
nomics of the process. On a practical 
basis, this would be aimed at deter- 
mining parameters which could be used 
in designing and operating a large- 
scale installation. 

2. To investigate the basic actions 
involved in the biological or contact 
portion and separation portion of the 
process and determine, if possible, the 
kinetics and mechanisms of the specific 
physical, chemical, and biological re- 
actions which take place. 


It was felt that any research pro- 
gram designed to accomplish these 
goals would of necessity be built 
around a continuous flow investigation 


5 ae: 
pa 
CS 
: 
"7 | 
Pumps 
| 
| 
| 
te 
ate 
=! 
2 


166 SEWAGE AND 
of the anaerobic process in a labora 
tory-seale pilot plant. The basie plan 
was to design and operate several pilot 
plants of the anaerobic contact process 
so that all of the operating variables 
could be controlled over a wide range 
with a high degree of flexibility. The 
pilot-plant test program was designed 
practical 
whether a particular waste was amen- 
able to anaerobic treatment and to de- 


to determine on a basis 
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termine the effect of a number of op- 
erating variables on the process effi- 
ciency and economics. 

In addition to the pilot-plant studies, 
a program of special experiments and 
ancillary investigations carried 
out using active sludges taken from the 
pilot plants. These tests were aimed 
particularly at furthering the under- 
standing of basie actions which oeceur 
in the anaerobic contact process. 


were 


Pilot-Plant Investigations 


The major part of the laboratory- 
scale pilot-plant investigations reported 
made the 
standard anaerobic contact process as 
During the three- 
total of 10 

The type 
of waste treated and the operating tem- 
perature which was used in each test 


in this study was using 


described earlier. 


year research program, a 


test series was carried out. 


Test Series 
8 and 9 involved the use of a different 
flow diagram and will be 
separately in a later section. 


series are given in Table I. 


discussed 


TABLE I.—Waste Types and Operating Tem- 
peratures Used in Laboratory Test Series 


Contact Unit 
Operating 
Temp 


Waste Treated 


w 
on 


Packing plant 
Packing plant 
Packing plant 
Synthetic milk 
Packing plant 
Synthetic milk 
Fatty acid 

W ood fiber 


or Or 


or 


Description of Pilot Plants and 


Test Procedures 

Two identical laboratory-scale pilot 
plants of the anaerobic contact process 
were designed and constructed to carry 
out this phase of the research program. 
The pilot plant is described by the flow 
diagram (Figure 1) and the photo- 
graph (Figure 2). 

In the laboratory-scale pilot proc- 


ess, the raw waste was introduced di- 
rectly into a sealed, insulated digester 
or contact unit where it was continu- 
ously mixed with previously developed 
anaerobic sludge and maintained at 
any desired constant temperature with 
external heating or cooling coils. This 
unit was cylindrical, about one foot in 
diameter, with a cone-shaped bottom, 
designed so that the operating volume 
could be varied from 0.2 to 2.0 eu ft. 
As an aid to positive separation, the 
effluent from the contact unit was fed 
continuously to a cylindrical degasifier 
unit which was equipped with splash 
trays and a water ejector vacuum source 
in order to remove gas bubbles from 
the sludge particles. The degasified ef- 
fluent was then allowed to settle in a 
separator tube from which the clarified 
effluent was drawn off at the top, and 
the sludge which settled to the bottom 
was continuously recycled to the con- 
tact unit. Five separator tubes of dif- 
ferent diameters and of several depths 
were available to allow flexibility in 
separator loading. The flow rates for 
raw feed and return sludge were main- 
tained constant at any desired level 
from 4.0 to 400 ml/min by three vari- 
able speed pumps.* The gas produced 
in the contact unit was collected and 
measured in a floating cover gas holder. 
The design of the pilot plants made 
provision for a high degree of flexi- 
bility and accurate control of all the 
operating variables. 


* Sigmamotor. 
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FIGURE 2.—Operating arrangement for laboratory pilot plant 
for anaerobic contact process. 


To simulate usual industrial oper- 
ating conditions during most of the 
research program, the routine opera- 
tion of the pilot plants was on a con- 
tinuous 24-hr basis during week days 
with attendance during the normal 8-hr 
working day only. Over week-end pe- 
riods and on holidays, the plants were 
generally shut down, except when 
special tests were underway, and all 
of the sludge culture was placed in the 
contact unit to maintain a constant 
temperature environment. Flow rates 
were measured and adjusted and sam- 
ples were taken at various points in 
the process each 24-hr period. Care 
was exercised in measuring and adjust- 
ing the various conditions of operation 
and in taking samples in order to 
represent the actual conditions which 
prevailed during each test run. To 


insure equilibrium conditions during 
each test, the individual tests on the 
pilot plants were generally allowed to 
continue for a period of several weeks 
during which the operating conditions 
were maintained as nearly constant as 
possible. In general, the laboratory 
analyses of the daily samples were 
made in accordance with the proce- 
dures outlined in ‘‘Standard Methods’’ 
(4). The routine laboratory deter- 
minations made on the various samples 
included: BOD, COD (dichromate), 
solids in various forms, ammonia and 
organic nitrogen, turbidity, volatile 
acids, pH, and alkalinity. 


Raw Waste Characteristics 


During the pilot-plant test program, 
a number of actual and synthetic 
wastes were fed to the pilot plants in 
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order to determine their treatability 
and to study the economies of applying 
the process to different types of wastes 
on a large scale. From a practical 
standpoint, the results obtained using 
actual ‘‘run-of-the-plant’’ waste would 
probably be more reliable in predicting 


Wood Fiber Waste) 


the performance of a large-scale in- 
stallation. However, the use of syn- 
thetic wastes also offered certain ad 
vantages such as convenience in han- 
dling and the elimination of the cost 
of collecting and transporting raw 
waste samples. Also, and probably 
more important, the synthetic waste 
‘ould be made up uniformly each day 
to any desired strength, and the pilot 
plants could be operated at more uni- 
form and controlled conditions. This 
would allow a closer study of some of 


Domestic Sewage) 


4,160 


the effects which might in some cases 
have been obscured by the normal vari 
ations in strength of naturally occur 
ring plant wastes. 


Acid Waste*) 


Test Series 
24,000 


(Fatty 


9,56 


Packing Plant Wastes 


The first series of pilot-plant tests 
in this program were made using 
packing waste as a raw feed. Earlier 
work (2) formed the basis for the be 
lief that the use of this waste would 
serve as a good starting point for ini 
tiating the pilot-plant testing program 
and in establishing proper operating 
procedures. 

The packing plant waste used for 
these studies was collected at the sew- 
age plant at South St. Paul, Minn., 


Analysis of Certain Wastes Used as Raw Feed for Pilot-Plant Studies 


Waste) 


which consisted of packing plant 


TABLE II. 


wastes of Swift and Company, Armour 


Packing 


and Company, and several small pack 
ing plants, plus the commercial and 
domestic wastes from a community of 
about 15,000 population. The average 
analysis of this waste as it was fed 
to the pilot plants during the tests of 
Series 3 and 5 is shown in Table II. 


(ppm) 


Fatiy Acid Wastes 


Determination 


* As received. 


The fatty acid waste used as a raw 
feed in the pilot-plant investigations 
during Series 7 was obtained from the 


NH;—N (ppm) 
Alkalinity (ppm) 
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Chemical Division, General Mills Inc., 
Kankakee, Ill. The waste is produced 
during the manufacture of certain 
fatty acid derivatives. The pH of this 
waste was adjusted to 7.5 with sodium 
hydroxide before it was fed to the 
process. The average analysis of this 
waste based on 58 daily samples is 
shown in Table II. 


Wood Fiber Wastes 


The waste used in Test Series 10 
was produced in the manufacture of a 
pressed wood hardboard by the Super- 
wood Corporation, Duluth, Minn. The 
raw material for this manufacturing 
process is pulp wood which is pulped 
and pressed into a finished hardboard 
by a wet process. The samples were 
collected each week day from the plant 
effluent and were composited in ac- 
cordance with the flow. The pH of 
this waste was adjusted to 7.5 with 
sodium hydroxide before being fed to 
the process. Also, in all but the first 
test during which the process failed, 
the waste was fortified with one part 
of nitrogen per 20 parts of BOD and 
one part of phosphate per 100 parts 
BOD. The average analysis of this 
waste after being fortified with nitro- 
gen and phosphate is shown in Table 
IT. 


Domestic Sewage 


The domestic sewage used as a raw 
feed material during Test Series 9 was 
obtained at the Minneapolis-St. Paul 
sewage treatment plant. The samples 
were grab samples collected each day 
at 4 pm from the influent channel to 
the sedimentation tanks and kept over- 
night in cold storage. The average 
analysis of the sewage as fed to the 
pilot plants is given in Table IT. 


Synthetic Milk Wastes 


The synthetic milk waste used for 
some of the pilot-plant studies was 
made by dissolving a measured quan- 
tity of nonfat instant dried milk solids 
in tap water. Sodium bicarbonate was 
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added to provide approximately 500 
ppm alkalinity, expressed as calcium 
carbonate, to act as a buffering agent. 
Using this procedure, a waste of any 
desired organic strength could be 
made. The daily analysis of this raw 
waste showed the following average 
analysis based on the bulk dry weight 
of dried milk: total solids, 97 per cent; 
total volatile solids, 83 per cent; sus- 
pended solids, 9 per cent; water, 3 per 
cent; total nitrogen, 4 per cent; BOD, 
78 per cent; and COD, 98 per cent. 


Factors Affecting the Effectiveness of 
the Anaerobic Process 


The anaerobic contact process as de- 
scribed previously is a biological treat- 
ment process which makes use of an 
anaerobic sludge culture for the re- 
moval and stabilization of organic mat- 
ters contained in a waste. It has been 
demonstrated that effective operation 
of this process is dependent on two 
somewhat independent actions. These 
are: (a) the adsorption and subsequent 
stabilization of organic matter, by an 
active biological culture, which takes 
place in the contact portion of the 
process and (b) the effective separation 
and concentration of the active sludge 
particles from the treated liquor which 
takes place in the separation portion 
of the process. In the flow diagram 
of the anaerobic process, these two 
actions are carried out in two distinct 
units, the contact unit and the separa- 
tion unit. Since the actions which oc- 
eur and the factors which affect the 
efficiency of action in each of these 
portions appear to be somewhat inde- 
pendent, the pilot-plant research pro- 
gram was set up so that each part 
of the process could be studied and 
analyzed independently or in combina- 
tion. 


Biological Contact Portion 

of the Process 
Although it is recognized that bio- 
logical action is not limited entirely 
to the contact portion of the process, 
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it is felt that the major portion of the 
removal and stabilization of organic 
matter occurs in this unit. On this 
basis, it is of primary concern to foster 
the growth of an active anaerobic 
sludge culture and to provide a favor- 
able environment so as to secure an 
efficient and economical over-all proc- 
ess. 


Parameters of Removal and Loading 
for the Contact Unit 


Since the actions which are initiated 
and maintained by the biological life 
in the contact unit are largely respon- 
sible for the reduction in the organic 
content of a waste, the most signifi- 
cant measure of removal for this unit 
would be the degree to which the or- 
ganic content of the waste, as meas- 
ured by the BOD, COD, and total vola- 
tile solids determinations, is reduced. 
These determinations of organic 
strength are not reliably comparable 
for different wastes, and in this report 
the effectiveness of the contact unit has 
been evaluated for the most part on 
the degree of BOD removal. 

Previous experience with biological 
treatment systems and the results of 
the pilot-plant investigations of the 
anaerobic contact process have demon- 
strated that the most significant load- 
ing parameters for biological units are 
the organic or the biological loading. 
The contact unit loadings which were 
selected for analysis in this report are 
the organic loading expressed as the 
pounds of organic matter (BOD) fed 
per day per cubic foot of effective con- 
tact unit capacity, and the biological 
loading in terms of the sludge age, ex- 
pressed as the pounds of active sludge 
(suspended solids) in the system per 
pound of organic matter (BOD) fed 
per day. 


Time to Acclimate Seed Sludge 


In all of the pilot-plant investiga- 
tions, the original seed or inoculant 
sludge was taken from an actively op- 
erating sludge digestion tank at a 
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municipal sewage treatment plant. 
The seed sludge for the pilot-plant test 
on packing plant waste was obtained 
from the digestion tanks at the Austin, 
Minn., sewage treatment plant. In all 
of the remaining tests the seed sludge 
was obtained from the Anoka, Minn., 
sewage plant. 

The procedure used to acclimate the 
seed sludge to a particular waste was 
similar in each test series. The seed 
sludge was placed in the contact unit 
and rinsed continuously for several 
days with dechlorinated tap water. 
Following this, the sludge was accli- 
mated in the pilot plant by feeding 
dilute mixtures of the waste to be 
treated at low BOD loadings (0.01 to 
0.02 lb per day/cu ft) for a period of 
one to three weeks. The actual test 
series for each particular waste was 
then initiated. The results indicate 
that a certain amount of time is neces- 
sary to acclimate a seed sludge to a 
new raw feed; however, when starting 
with relatively low loadings and using 
an actively digesting sewage sludge as 
a seed culture it appears that proper 
acclimation to higher loadings can be 
obtained in a period of a month or 
less. 


Effect of Contact Unit Loading 


Of the eight pilot-plant test series, 
six were designed primarily to study 
the effect of the contact unit loading 
on the BOD removal using various dif- 
ferent wastes as raw feed. Of these, 
four test series were designed to use 
a contact unit operating temperature 
of 35°C. These test series were desig- 
nated as 3, 4, 7, and 10, using packing 
plant waste, synthetic milk waste, fatty 
acid waste, and wood fiber wastes, re- 
spectively, as the raw feed material 
Test series 5 and 6 were carried out to 
determine the operational effectiveness 
at a temperature of 25°C using pack- 
ing plant waste and synthetie milk 
wastes, respectively. 

Each test series consisted of a num- 
ber of individual test runs, each con- 


ay 
a 
| 
| 
; 
| 
| 
| 
: 
ne 
| 


vA 
2) 
_ 
(=) 
{ea} 
< 
Zz 
< 


6910 | 


- 


FHS | | 0) £60°0 | 202'0 — | 


— 2080°0 | 6900; — | 8t0°0) 190° 


| | Z00OI 


| | sprog | | | (urdd) 
| aoo | aoa | | GOO | God | spies 
| | 


sprlog sprjog 
"TOA OA 
| 


(qu90 sed) 


(24) 


(skep) eBpnig 
(aj no/Aep sed q]) 


*AON) 


| 
— 0880 FET'OT | 8 


(OT “AON-6Z “PO) 


(ZI 390-42 
c 

ZZ-L1 
t 

(¢T-O1 “3dag) 


(9961) 
“ON 3829], 


| 


PIL 


L6L 


| 82900 | | FITO 


| 


260°0 


FIT O | 


| scro | 


sprog 
TOA 


| 


(urdd) 
SPI19S 
‘dsng 


sprog aow | aoa 


‘TOA 


sprog 
| | | 


| 


(queo sed) 


@UIN[OA [BIO], | 
(shup) eBy 


(Qj no/Aep q]) 


(a4) 

Ur poled 

| 
| | 


(6G-1% 

_ ol 
ABIN-€% 

6 
(0z “ady-ZI 

ce 8 

cE Z 
(¢ 

I 


(99-961) 
‘ON 389], 


UOC) 


Vol. 31, No. 2 ee nae 
171 
| 
| 8 | = = 5 6 | 
© 
| 
= 
1} | 
: 
: | 2 
| 
= 
| 
| 
| 
3 | = 
: 
| | | 
| | | 
| | 


“ady—-1¢ 
9°68 StS OL L1 Lit LLYV0 SOLO ¢ ¢ 
£ Es oO L9 99L 61 OSS SI'f RNS | OSOTO 
8S “G9 “URS 
LOL ees GSE ¢ CLs SILO | 9SFOO 
| | ol I (9 
[BIO] 
sed) [Bao shup) aty 


(aj no/Ap 


SOISBM POOM IO} Jo ATAVL 


INDUSTRIAL WASTES 


peay MBI YIOG 10] GOD ¢90 Zurunsse (TOO woay paynduoy , 


Aine) 
T68 SFI ltt «00°C «I ZT 0 0 L0G LI ce ¢ 
ouns 
= IZ-21 
L 46 «lL 9 6ET £98 ET £90°0 «1 FOO £100 ZS80 O1 Oot EVES’ 
aoo aod aoo aod aoo aod 3 10] 
ON 489] 

N 


Abate na 
bed 
= 
~ 
by 
4 
i 


Vol. 31, No. 2 


tinuing for a period of a week or more. 
Generally, the procedure was to start 
with low loadings and to increase the 
loading progressively in each succes- 
sive test. The original plan was to 
follow this procedure to the point 
where the process would begin to fail. 
However, because of the difficulty in 
securing seed sludge and the time re- 
quired to acclimate it, the loading gen- 
erally was not carried to the actual 
point of complete failure of the proc- 
ess. 

1. Operating temperature of 35°C. 
The summary of the contact unit load- 
ings and removals for test series 3, 4, 
7, and 10 are shown in Tables III, IV, 
V, and VI. The data shown are the 
averages of individual daily results ob- 
tained during each test run. In this 
report, the analysis of the contact unit 
loading and removal is made on a BOD 
basis only, even though determinations 
of other measures of the organic 
strength were made during many of 
the tests. 

The effect of the contact unit loading 
on the BOD removal of the anaerobic 
contact process is shown in Figure 3 
for the test series using packing plant 
waste, synthetic milk waste, fatty acid 
wastes, and wood fiber wastes as raw 
feed. Although the data in each case 
are limited to four or five points, a 
trend of a decreasing efficiency with 
increased loading is quite apparent. A 
linear regression line has been selected 
to fit the plotted points. The equation 
for the linear regression line has been 
computed in each case and is shown 
on the figure together with the coeffi- 
cient of correlation, r. The relatively 
high value for the coefficient of corre- 
lation, even for the limited amount of 
data in each case, indicates that over 
the range of data, a linear regression 
line fits the data quite well. 

In a comparison the trend described 
by the data for packing plant, syn- 
thetic milk, and fatty acid wastes ap- 
pears similar. In each of these cases, 
the data indicate that at a contact unit 
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FIGURE 3.—Effect of loading on BOD 
removal in contact unit at 35°C. 


loading of about 0.20 lb per day/cu ft 
the expected removal efficiency of the 
process would be about 90 per cent. 
For wood fiber wastes, the trend line 
is considerably lower and _ indicates 
that even at extremely low loads a 
removal efficiency of 90 per cent can- 
not be obtained. This waste as pro- 
duced has a pH of 4.0 to 5.0 and econ- 
tains very little nitrogen or phosphorus 
as compared to its high BOD. The 
trend was computed from results on 
the waste with the pII adjusted to 7.5 
and fortified with nitrogen and phos- 
phorus. The results of the first two 
tests in this series on non-fortified 
waste are shown on the figure and 
demonstrate clearly the need for nitro- 
gen and phosphates for efficient bac- 
terial action. 

The degree with which the contact 
unit loading affects the removal in 
each case is indicated by the slope of 
the trend lines. These show a drop 
of about 2 per cent for packing plant 
and fatty acid wastes, 5 per cent for 
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FIGURE 4.—Effect of sludge age on BOD 
removal in anaerobic contact process. 


synthetic milk waste, and 6.5 per cent 
for wood fiber waste for each increase 
in loading of 0.10 lb per day/ eu ft. 
It should be pointed out, however, that 
it would be unwise to extrapolate the 
data beyond the range of actual re- 
sults, especially since there is evidence 
that if the loading is carried beyond 
a certain point, the process efficiency 
will fall off sharply. This fact is 
demonstrated by one of the wood fiber 
tests shown as an open point on the 
figure. 

Figure 4 shows the effect of loading 
in terms of sludge age on the BOD 
for these same data. It is 
readily apparent that over the range of 
data collected, the sludge age has a 
consistent effect on the BOD removal. 
As might be expected, a decrease in 
sludge age is accompanied by a de- 
crease in treatment effectiveness. 
Again, the trend in each case has been 
described by a linear regression line 
and equation. The computed coeffi- 
cients of correlation indicate a reason- 
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able fit of the linear regression line 
with the data in each case. However, 
it would seem logical to expect that 
there would be no BOD removal at 
zero sludge age. This might indicate 
that below a limiting sludge age, the 
degree of treatment would drop 
sharply. The lowest sludge age en- 
countered was about three and one- 
half days which, in the case of wood 
fiber waste, resulted in a marked de- 
crease in BOD removal. In general, 
it appears that a sludge age of four 
days or more is required for efficient 
biological action. 

2. Operating temperature of 25°C. 
The summary of contact unit loadings 
and removals for test series 5 and 6 
which used an operating temperature 
of 25°C are shown in Tables VII and 
VIII. Packing plant waste and syn- 
thetic milk waste were treated in test 
series 5 and 6, respectively. 

The effect of loading and sludge age 
on the BOD removal of the process for 
these two tests is shown in Figure 5. 
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FIGURE 5.—Effect of loading and 
sludge age on BOD removal in contact 
process at 25°C. 
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Although the data are somewhat more 
scattered than those obtained at 35°C, 
the general trend is similar, showing a 
decrease in BOD removal with an in- 
crease in contact unit loading or a de- 
crease in sludge age. The trend in 
each case has again been described 
with a computed linear line of regres- 
sion together with the equation and 
coefficient of correlation. In general, 
the data indicate that at an operating 
temperature of 25°C, a 90 per cent 
BOD removal can be obtained at a 
contact unit loading of about 0.07 
lb per day/eu ft for milk waste or 
0.09 lb per day/cu ft for packing plant 
waste. The effect of sludge age is not 
as well defined because much of the data 
are at or near the critical value where 
the efficiency begins to decrease. In 
both cases, a curved line as indicated 
by the dotted line might be more repre- 
sentative of the data variation. 


Effect of Solids Concentration 


Since the sludge age is directly re- 
lated to the solids concentration in the 
system, it is evident from the data 
presented that the solids concentra- 
tion in the system has a direct effect 
on the effectiveness of the process. In 
the pilot-plant tests, the maximum ob- 
tainable solids concentration in the 
contact unit was a direct function of 
the degree of concentration that could 
be achieved in the separation unit. 
Since most of the pilot-plant tests were 
carried out using gravity separation, 
the maximum suspended solids concen- 
tration that could be maintained in 
the contact unit was about 15,000 ppm. 
Up to this concentration, it appeared 
that the solids maintained in the sys- 
tem had a direct effect on the BOD 
removal. In order to check the effect 
of solids concentration directly at 
somewhat higher solids concentrations, 
a test was run using centrifuge separa- 
tion, where it was possible to maintain 
30,000 ppm suspended solids in the 
contact unit. This test was compared 
with other tests with equivalent con- 
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tact loading but with lower solids con- 
centrations. In general, the results of 
this comparison showed that at these 
high solids concentrations the degree 
of BOD removal is not improved with 
increasing solids. Apparently, there 
is a limiting concentration of solids 
that can be used effectively in this 
process. There are logical reasons 
which could be used to explain this: 
(a) at extremely high solids concen- 
trations, it is difficult to mix intimately 
the sludge particles and the raw feed, 
and (b) there is the possibility of a 
build-up of metabolic products which 
might have an inhibiting effect on the 
activity of the organisms. 


Effect of Temperature 


It is common knowledge that most 
chemical reactions are accelerated at 


higher temperatures. However, bio- 
logical or biochemical reactions are 


generally limited to the rather narrow 
temperature range of 0 to 40°C. In 
this range it has been generalized that 
chemical reaction rates are about 
doubled for each 10°C rise in tempera- 
ture. The rates of biochemical and 
enzyme reactions have also been found 
to be influenced to varying degrees by 
temperature. Since the removal and 
subsequent stabilization of a mixture 
of organic matter contained in a waste 
by a mixed culture of organisms is a 
very complex and heterogeneous sys- 
tem of reactions and interactions, it 
would be very difficult to predict the 
effect of temperature on the BOD re- 
moval of the anaerobic contact proc- 
ess. For this reason, several pilot- 
plant test series were designed to in- 
vestigate this effect under continuous 
flow operating conditions. 

The pilot-plant tests using packing 
plant waste and synthetie milk wastes 
have been discussed previously in 
analyzing the effect of loading. The 
results of the same data in Test Series 
3, 4, 5, and 6 can also be compared 
to determine the effect of temperature 
of operation on the effectiveness of the 


; 
: 
4 
; 
we. 
| 
ee 
sy odes 
& 
ig 
ee 
: 
| 
| 


100 
s 
90 
a 
> 
2 
20 
° 
70 
os 10 20 .25 30 
CONTACT UNIT BOD LOADING (ib per doy/ cu ft) 
$0 
| 
|_ | | 
| 
| 
| | 
196 20 25 30 
SLUDGE AGE (doys) 


——Pocring Piont Waste 
Mak Woste 


FIGURE 6.—Effect of temperature on 
BOD removal. 


process for packing plant waste and 
for synthetic milk waste. For ease of 
comparison the effect of loading and 
sludge age on removal for these four 
The 
lines shown are the linear regression 
lines which were computed and dis- 
cussed previously. A comparison of 
the results at 25°C and 35°C for pack- 
ing plant and synthetic milk wastes 
demonstrates clearly the marked effect 
of temperature on BOD removal. Ad- 
mittedly, based on the limited amount 
of data which define each trend, only 
an approximation of the effect of tem- 
perature can be made. However, based 
on these data it is interesting to com- 
pare the maximum loading possible to 
obtain a 90 per cent BOD removal. 

For example, these data indicate 
that the rate of anaerobic stabilization 
is increased about 2.5 times for pack- 
ing plant waste and about 3.5 times for 
synthetic milk waste for a 10°C tem- 
perature rise. 

Previous 


test series are given in Figure 6. 


reports on the anaerobic 
stabilization of organic matter by sev- 
eral investigators indicated that a 
fairly constant temperature environ- 
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ment is necessary to develop and main- 
tain a healthy active anaerobic sludge 
culture. Since the thermal require- 
ments of the process are of real eco- 
nomic importance, the question arises 
as to the effect of hourly or daily tem- 
perature variations, such as might be 
expected in an actual waste produced 
by an industry. A special pilot-plant 
test under Series 4 was designed to 
determine the effect of hourly tempera- 
ture variations on the performance of 
the process. In order to simulate a 
typical hourly temperature variation 
pattern, the contact tank was heated to 
35°C during 10 daylight hours and 
allowed to approach room temperature 
(24°C) during the night. In general, 
the results of this test showed a grad- 
ual breakdown of the process because 
of the temperature variations. In one 
week of operation, the BOD removal 
dropped progressively from 80 to 68 


per cent, and the volatile acids in- 
ereased from 100 to 500 ppm. The 
obvious conclusion from this test is 


that the process is not tolerant to a 
10°C (diurnal) temperature variation. 


Effect of Mixing 


It is generally agreed that much of 
the biological life in an anaerobic 
sludge is attached to and associated 
with the flocculent sludge particles and 
is not floating free in the substrate. 
Further, it is believed that the reac- 
tions which oceur, particularly those 
of adsorption, take place on the surface 
of the sludge particles. Since the 
sludge particles in anaerobie sludge 
tend to separate from the substrate by 
floating or settling, mixing is impor- 
tant to achieve maximum contact be- 
tween the waste and the sludge par- 
ticles. The large-scale pilot-plant tests 
earried on at the Hormel plant in 
1952-54 (2) showed a marked reduc- 
tion in the degree of BOD removal by 
a gradual decrease in the number of 
contact tank turnovers from 66 to 20 
per day. 

It was difficult to design a test on 
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the scale of these pilot plants to meas- 
ure directly the effect of the degree of 
mixing on the effectiveness of the proc- 
ess. In the tests made with anaerobic 
sludge during these pilot-plant studies, 
two general observations have been made 
regarding mixing. First, if mixing is 
not provided the sludge separates into 
a heavy floating layer, a relatively di- 
lute internatant layer, and a heavy 
settled layer. Second, violent turbu- 
lent mixing tends to break up the 
sludge floe into fine particles; however, 
the floc appears to re-form in a matter 
of a few minutes after mixing is 
stopped. Regarding the effect of the 
latter factor, it is believed that effici- 
ent mixing is essential to achieve inti- 
mate contact between the food supply 
and the active sludge. 


Effect of Variations in Loading 


In general, it was attempted to main- 
tain the loading conditions as constant 
as possible during each test period. 
However, in using actual ‘‘run-of-the- 
plant’’ wastes, this was not possible 
due to normal variations in waste 
strength. The day-to-day variations of 
packing plant waste varied as much 
as three times the average load. These 
variations in daily loading did not ap- 
pear to upset the process. Also, dur- 
ing some of the earlier tests on packing 
plant wastes the treatment units were 
fed at high rates during the day only, 
with no feed at night. The results of 
these tests also indicated that the proc- 
ess was capable of absorbing shock 
loads. 

One interesting point regarding 
loading developed because of the prac- 
tice of shutting down the pilot plants 
over the week ends. The results of 
many of the tests indicated that under 
nearly constant loading conditions the 
effectiveness of the process gradually 
decreased during the week, but re- 
covered quickly after the week-end rest 
period. In order to check the effect 
of these shutdowns, several tests were 
designed to operate the pilot plants on 
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a continuous seven-day week. The re- 
sults of these tests showed the same 
gradual decrease in treatment degree 
during the first five days of operation 
followed by a slightly lower equilib- 
rium level during the remainder of the 
tests. This would indicate that the 
week-end rest periods or periods of 
low feed are generally beneficial to the 
process but are not necessarily essen- 
tial to efficient operation. 


Effect of Loading on Physical Quality 
of Effluent 


An eificient waste treatment process, 
in addition to providing an effluent 
containing low solids and low organic 
strength should provide an _ effluent 
with physical characteristics which will 
not cause nuisance conditions in a re- 
ceiving water. ‘The physical character- 
istics of importance in this respect are 
color, clarity, and odor. Since anaero- 
bie decomposition has generally been 
associated with offensive odors, this 
problem was considered in the investi- 
gation. 

With regard to the color and clarity 
of the effluent, several general obser- 
vations might be made. In strong 
wastes a high color in the raw waste 
does not appear to be changed by the 
treatment process. This was true with 
the yellow or brownish cast of fatty 
acid and wood fiber wastes and with 
the colorless synthetic milk wastes. 
The effluent was clear in the case of 
packing plant and milk wastes but 
somewhat cloudy in the case of fatty 
acid and wood fiber wastes. The tur- 
bidity of the effluent appeared to be 
somewhat related to loading as shown 
for synthetic milk wastes in Figure 7. 
This was most likely due to increased 
gas activity in the separator at higher 
loadings. 

The odor of the effluent was found 
to be a function of loading. The inten- 
sity of the odor also appeared to in- 
crease correspondingly with an_ in- 
crease in volatile acids in the effluent, 
which would suggest that the odor is 
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FIGURE 7.—Effect of BOD loading on 
odor, turbidity, and volatile acids in treated 
effluent from contact unit. 


caused largely by these intermediates. 
In all cases it was noted that when the 
process was overloaded or in an upset 
condition, the volatile acids increased 
sharply and the effluent developed a 
very strong obnoxious odor. 
typical results of the relation of con 
tact unit loading to the odor and vola- 
tile acids content of the effluent are 
shown in Figure 7. As a general ob- 
servation the results of these and pre 
vious studies indicate that the effluent 
from the contact 
with respect to odor and clarity under 
than limiting maximum loading 
conditions would not constitute a 
nuisance problem. ‘This statement is 
substantiated in the case of packing 


Some 


anaerobic process 


less 


plant wastes by full-scale plant opera- 
tions. 


Gas Production and Analysis 
The gas 


was collected and measured daily in a 
calibrated holder and analyzed. 


produced from digestion 


gas 
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This gas included only that released in 
the contact unit and did not include 
the evacuated gas or the gas given off 
in the separator. No accurate measure 
of the evacuated gas from the degasi- 
fier or the gas given off in the separator 
was made during these studies. 

The law of conservation of matter 
would indicate that for every pound 
of volatile matter destroyed a pound of 
gas should be produced. In general, 
the gas produced from the anaerobic 
stabilization of a mixed waste by a 
mixed culture of organisms produces 
a gas mixture which is 70 to 90 per 
cent methane and 10 to 30 per cent car- 
bon dioxide and in some instances a 
small percentage of other gases. At 
standard conditions, the specific weight 
of the gas would be between 0.05 and 
.0625 Ib/eu ft. Therefore, some 16 to 
20 cu ft of gas would be expected for 
every pound of organie matter con- 
verted to gas. 

The measured gas production during 
these pilot-plant investigations was 
consistently low compared with what 
might be expected (values for the vari- 
ous tests varied from 1.0 to 7.0 cu ft of 
gas per lb of volatile matter removed). 
There are a number of reasons for 
these low gas production figures, but 
probably the most important was the 
removal of large quantities of gas in 
evacuation not included in the gas pro- 
duction system 
bottle experiment, where it was pos- 
sible to make an accurate solids and 
gas balance, indicated that about 14.0 
cu ft of gas were produced for each 
pound of volatile matter destroyed. 


figures. One closed 


Several analyses were made of the 
gas collected from the pilot plants dur- 
The analysis of 
the gas did not appear to vary with 
loading or temperature of operation, 
but varied somewhat in composition 


ing each test series. 


depending on the type of waste being 
treated. The approximate average 
analysis of the gas based on the three 
major constituents for each waste is 
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tabulated below: 


CO: H: 

Waste Treated (%) (%) (%) 
Packing plant 90 10 — 
Synthetic milk 85 15 — 
Fatty acid 70 18 12 


No analysis was made of the gas col- 
lected during the pilot-plant test series 
on wood fiber wastes because of diffi- 
culty with the gas analyzer. However, 
the collected gas burned quite well 
which suggested a fairly high per- 
centage of methane. In general, the 
evacuated gas (not analyzed) contains 
a higher percentage of carbon dioxide 
since this gas is more soluble than 
methane. This makes the evacuated 
gas highly corrosive. 


Separation and Concentration Portion 
of the Process 


Since the effectiveness of the anaero- 
bie process as a whole is dependent on 
maintaining a relatively high concen- 
tration and a continuous supply of ae- 
tive biological sludge, it is necessary to 
provide some method of separating the 
active sludge from the treated liquor 
and returning it to the contact unit. 
In the anaerobic contact process ef- 
fective separation has been accom- 
plished, as described earlier, by de- 
gasification followed by gravity sedi- 
mentation. Ancillary investigations, 
to be discussed in Part II, included 
several other methods of separation on 
a batch basis, but all of the continuous 
flow pilot-plant investigations reported 
herein provided gravity sedimentation 
as the separation process. 


Gravity Sedimentation 


Liquid-solids separation of sludges 
by gravity has been divided into three 
zones of separation depending on the 
concentration of solids. These have 
been arbitrarily defined as: (a) the 
discrete particle settling zone where 
the particles are sufficiently far apart 
so that the velocity fields of the indi- 
vidual particles do not interfere, (b) 
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the hindered settling zone where the 
concentration of solids is such that the 
velocity fields of the individual par- 
ticles begin to interfere, and (c) the 
compaction zone where the solid par- 
ticles are in actual contact and exert 
an excess pressure or force on the 
particles below. 

The forces governing the liquid- 
solids separation in the discrete par- 
ticle settling zone are well established 
and well understood even in the case 
of biological and flocculent solids. Un- 
fortunately, the forces governing the 
separation or thickening process at 
higher solids concentrations in the hin- 
dered settling and compaction zones 
are not as well established. 


Separator Loading and Efficiency 
Yardsticks 

Ancillary investigations and prelimi- 
nary pilot-plant studies on the gravity 
separation and concentration of an- 
aerobic sludge indicated that at the 
high solids concentrations normally 
used in the anaerobie contact process, 
discrete particle settling did not play 
an important role. Thickening or com- 
paction action predominated concur- 
rently with coalescence. For this rea- 
son it became apparent that some of 
the common loading and efficiency 
yardsticks for settling tanks such as 
detention period and suspended solids 
per cent removal would not be as ap- 
plicable to separation of anaerobic 
sludge. 

In the pilot-plant studies the most 
significant parameters of separator 
loading were the surface settling rate 
expressed as gallons per square foot 
per day, and the suspended solids ap- 
plied rate expressed as the pounds of 
suspended solids applied per square 
foot per day. As a measure of sepa- 
rator performance the depth of the 
sludge from the bottom of the sepa- 
rator to the sludge liquid interface 
appeared to be most significantly re- 
lated to separator loading. 
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Effect of Loading on Separator 
Performance 


The results on the effect of separator 
loading on separator performance ob 
tained during the bulk of the pilot- 
plant the anaerobic contact 
process are not well correlated and are 
somewhat difficult to evaluate. The 
reason the sludge did not behave in the 
same way each time even under the 
same separator loading conditions is 
not completely understood. Some of 
this variation might have been in- 
fluenced by scale effects on the small 
pilot-plant units and the difficulty of 
establishing exact equilibrium condi- 
tions. Probably more significant is the 
fact that the compacting character of 
the sludge varied considerably during 
some of the tests and was apparently 
very sensitive to conditions which were 
either being tested or could not be 
controlled in the pilot plants. How- 
ever, the results on the effect of load- 
ing on separator performance indicate 
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FIGURE 9.—Effect of separator loading 
on total sludge depth in treatment of milk 
waste. 


some interesting trends especially if 
considered in the light of the ancillary 
studies on gravity separation. 

A series of special pilot-plant separa- 
tion studies were conducted during the 
tests of Series 6 treating synthetic milk 
waste at an operating temperature of 
25°C. These tests were carried out 
at a constant contact unit loading of 
about 0.07 lb per day/cu ft and were 
designed specifically to determine the 
effect of separator loading on sludge 
depth. The effects of surface settling 
rate and solids applied rate on sludge 
depth for these tests are shown in Fig- 
ures 8 and 9. At first glance it ap- 
that there is little correlation 
of the raw flow or total flow surface 
settling rate with the total sludge 
depth. However, the effect of the sus- 
pended solids applied rate on sludge 
depth does indicate a definite trend. 
This would tend to show that the solids 
applied rate is more significant than 
the volumetric rate in predicting sep- 
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arator performance in terms of sludge 
depth. If the data on surface settling 
rate are separated in accordance with 
the suspended solids concentration as 
shown by the different symbols, the 
data generally fall into three separate 
zones as indicated and show quite 
clearly the effect of solids concentra- 
tion on maximum permissible surface 
settling rate. 

Unfortunately, the compacting char- 
acteristics of the sludge as measured 
by the Mohlman sludge index varied 
considerably during these tests and un- 
doubtedly caused some of the scatter in 
the results. The effect of this variable 
was not measured accurately since 
only two sludge volume indices were 
taken during the period of the tests. 
The data for these tests have been 
grouped and averaged in Figure 9 to 
show the effect of the sludge index. As 
would be expected in all cases under 
equal loading conditions, the sludge 
depth is greater for a higher sludge in- 
dex. 

During the pilot-plant tests of Series 
3, 4, 5, and 6 which were designed to 
study the contact unit, the operation 
of the pilot plants with respect to 
separation was quite similar. The 
separation was carried out in each case 
using vacuum degasification and grav- 
ity settling in a cylindrical tube four 
feet deep. Since the tests were de- 
signed to study the contact unit, the 
separation portion of the process was 
operated so as to prevent the loss of 
solids in the effluent. Thus, during 
the individual tests the separator load- 
ing rate was adjusted to maintain a 
sludge level somewhat below overflow 
level. During some of the tests the 
settling and compacting character of 
the sludge varied due to changes in 
loading and other operating conditions. 
The contact unit loading was the main 
variable during these test series and 
ranged from 0.02 to 0.33 lb per day/eu 
ft for the various tests. The data on 
separation for these tests are quite 
scattered and difficult to analyze. 
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FIGURE 10.—Effect of separator load- 
ings on total sludge depth for test series 
3, 4, 5, and 6. 


However, if the results on the effect of 
separator loading on sludge depth are 
averaged for each test series as shown 
in Figure 10, some general conclusions 
ean be drawn. 

It is apparent that the average sep- 
arator loading in terms of the surface 
settling rate and the sludge depth 
carried in the separator were about 
the same for all of the test series. For 
this reason these results do not describe 
a significant trend for the effect of 
surface settling rate on sludge depth. 
It is significant to note, however, that 
the average solids applied rate for ap- 
proximately the same sludge depth (2.5 
ft) varied over quite a wide range (25 
to 85 lb per day/sq ft) for these tests. 
In a large scale installation where the 
sludge depth could be carried at a 
higher level, this loading range would 
be correspondingly increased. It is 
clear from these data that the effect of 
separator loading on sludge depth is 
materially affected by the character of 
the sludge as measured by the sludge 
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index. The character of the sludge 
with respect to separation and concen- 
tration appears to be sensitive to a 
number of operating conditions, in- 
cluding the type of raw feed and the 
contact unit loading. For this reason 
the maximum separator loadings for 
efficient operation appear to be some 
what peculiar for each individual case. 
At the present time separator design 
and operation yardsticks can be es- 
tablished from pilot-plant studies for 
any particular case but further work 
is necessary to determine the specific 
factors which affect concentrating 
ability and bulking characteristics of 
anaerobic sludges. 


Effect of Degasification in Separation 


Production of gas by the biological 
action of anaerobic sludges tends to 
cause some of the solids to be gas-lifted. 
Thus, the solids of an active sludge 
separate into a floating layer and a set- 
tled layer. The removal of the 
bubbles from the solids by vacuum de- 


gas 


gasification at 15 in. Hg prior to sepa- 
ration has been used in the pilot plants 
as a method of eliminating, or at least 


reducing, floating solids. On a batch 
basis this action can be demonstrated 
readily. 

An attempt was made to demon- 
strate the effect of degasification in the 
performance of the separation process 
in the continuous flow pilot plants. 
Several earried out using 
parallel degasified and non-degasified 
separation. It is difficult to evaluate 
numerically the effect of degasification 
based on the results of these tests since 
the effect is apparently influenced to 
a large extent by loading and gas ac- 
tivity in the sludge. Also, the failure 
of the process due to floating sludge 
was somewhat an all-or-none effect and 
could not be traced as gradual change. 
In general, observations made during 
these tests indicate that at low contact 
unit loadings, positive settling separa- 
tion could possibly be achieved without 
However, at higher 


tests were 


degasification. 
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contact unit loadings when gas activity 
is high, degasification was found to be 
necessary to prevent extensive gas lift- 
ing and loss of floating solids. 


Rapid Adsorption-Sludge Regenera- 
tion Process 

There are a number of modifications 
of the basic anaerobie contact process 
from the standpoint of flow diagram 
and arrangement and type of units 
which can be developed. One such 
modification which seemed to be 
worthy of investigation for the treat- 
ment of relatively cool wastes has been 
investigated on a limited basis during 
this program and has been termed the 
rapid adsorption-sludge process. 


Description of the Process 


This modification of the anaerobic 
contact process is comparable to the 
adsorption modification of the aerobic 
activated sludge process. The flow dia- 
gram includes an adsorption unit in 
addition to a contact unit, degasifier 
unit, and separation unit arranged as 
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FIGURE 11.—Schematic and pilot-plant 
flow diagrams for rapid adsorption-sludge 
regeneration process. 
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TABLE I[X.—Summary of Contact Unit Performance in Rapid Adsorption Process 
Treating Milk Waste—Test Series 8 Operated at 35°C 


Contact Unit |— 


Loading (Ib per day/cu ft) 


Test No. Contact Unit 
(1957) 


Sludge Age | Det. Period | Removal 
(days) in Contact | (per cent) 
Total Volume Unit for 


Return 


BOD 


Sludge 
Flow 
(hr) 


3 0.100 
(June 24-July 5) 


0.138 


(July 8-31) 
5 34. 3 | 0.157 
(Aug. 1-9) 
6 9 | 0.103 
(Aug. 12-15) 
10 | 34.5 |¢ 5 | 0.1006 
(Oct. 15-22) 
11 | 34. 358 | 0.1190 
(Oct. 28-Nov. 8) 
12 34.4 | 4,971 0.1051 


(Nov. 12-21) | 


shown in the schematic flow diagram 
in Figure 11. In this process the raw 
waste is mixed with active anaerobic 
sludge in an unheated adsorption unit 
for a relatively short time. This mix- 
ture is then degasified and allowed to 
separate in a gravity separation unit 
in the same manner as in the anaerobic 
contact process. The effluent is with- 
drawn from the top of the separator 
and the sludge which settles to the bot- 
tom is returned to a heated contact 
unit where it is allowed to regenerate 
its adsorptive capacity before being 
reused in the adsorption unit. To 
adapt this from the contact process, 
it was only necessary to add an ad- 
sorption unit and rearrange the units 
as shown in the pilot-plant flow dia- 
gram in Figure 11. 

This modification separates the two 
principal actions of adsorption and 
stabilization into separate units. Al- 
though there may be other advantages, 
one obvious advantage of this process 
is that only the sludge returned to the 
contact unit need be heated, and on 
this basis, the thermal requirements of 
this modification would be somewhat 
less than those for the anaerobic con- 


5.71 
7.36 
7.62 
8.50 
6.04 


12.87 


tact process assuming the organisms 
were capable of adjustment for a 
several-hour period to a temperature 
appreciably lower than that of the con- 
tact tank. This element is discussed 
later in this report. A series of pre- 
liminary tests on synthetic milk waste 
and domestic sewage were carried out 
using this flow diagram. 


Synthetic Milk Wastes 


Pilot-plant tests on the rapid adsorp- 
tion of milk waste were carried out 
primarily to compare the performance 
of this process with the standard an- 
aerobic process. A summary of the 
operation and removal data for these 
tests designated as Series 7 is shown in 
Table IX. The effects of loading on 
BOD removal for these tests shown in 
Figure 12 are somewhat scattered over 
a narrow loading range. To evaluate 
even an approximate trend based on 
these limited data is uncertain. How- 
ever, the data do indicate that for 
this type of waste, and at the concen- 
tration at which it was fed, this proc- 
ess is capable of removing about 80 per 
cent of the BOD load applied to it at a 
contact unit loading of 0.13 lb per 
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FIGURE 12.—Effect of BOD loading 
and sludge age on the performance of the 
rapid adsorption process. 


Sludge Age (days) 


day/cu ft or a sludge age of five days. 
This is compared to a removal of about 
95 per cent for the anaerobic contact 
process under similar loading condi- 
tions and operating temperature. 

It would seem logical to expect that 
the degree of removal of organic mat- 
ter by this process would be a function 
of the time of contact between the ac- 
tive sludge particles and the waste. 
In this respect the question arises as 
to the effect of the relative detention 
times in the adsorption and separation 
phases compared to that in the contact 
phase on the process performance since 
an appreciable temperature difference 
can exist in the two phases. 

The effects of adsorption unit de- 
tention period in terms of raw flow and 
total flow and the contact unit deten- 
tion time in terms of the return sludge 
flow on BOD removal for milk waste 
are shown plotted as solid points in 
Figure 13. Over the range of deten- 
tion periods used in these tests, there 
does not appear to be any significant 


Loading (Ib per day/cu ft) 


Contact Unit 


7 
(Mar. 10-14) 


8 
(Mar. 17-28) 


TABLE X.—Summary of Contact Unit Performance in Rapid Adsorption Process Treating Domestic Sewage—Test Series 9 Operated at 35° and 30°C 
(Mar. 1-8) 
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FIGURE 13.—Effect of contact and ad- 
sorption unit detention times on BOD re- 
moval in the rapid adsorption process. 


correlation. The reason for this, as 
will be shown later, is that the initial 
uptake of organic matter by anaerobic 
sludge is quite rapid and reaches equi- 
librium in most cases in less than one- 
half hour of reaction time. 


Domestic Sewage 


A summary of the pilot-plant opera- 
tion and removal data for the rapid 
adsorption of domestic sewage desig- 
nated as Series 9 is shown in Table 
X. The effects of contact unit loading 
and detention period on BOD removal 
for this waste are also shown in Fig- 
ures 12 and 13. In this instance the 
contact unit was maintained at a tem- 


Economic Analysis of Thermal 
Requirements 


ANAEROBIC DIGESTION, I. 


Economics of the Process 


The factor of most importance in a 
decision on the application of the proc- 
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perature of 30°C and the return sludge 
was reduced to as low as 25 per cent 
of the raw flow in order to reduce the 
thermal requirements of the process. 
It is apparent in this case that the 
BOD removal remained constant at 70 
to 75 per cent over the range of loading 
and operating conditions tested. Sev- 
eral tests were carried out using an 
operating temperature of 35°C. Dur- 
ing one of these tests at a contact unit 
loading in excess of 0.17 lb per day/eu 
ft, the process failed completely indi- 
cating the existence of a maximum 
limiting load beyond which the process 
becomes upset. 


Accelator Anaerobic Studies 


During the research program a num- 
ber of preliminary tests were carried 
out using a 48-gal model of the Ac- 
celator * for the anaerobic treatment 
of milk waste. ‘Tests were carried out 
using synthetic milk waste as the raw 
feed with the unit maintained at room 
temperature (22° to 27°C). It was 
necessary to provide for a secondary 
settling unit with about a 1-hr deten- 
tion period in order to prevent the loss 
of floating solids. This model arrange- 
ment was operated for a period of four 
months using digesting sewage sludge 
as the initial inoculant. In general, 
the results of these preliminary tests 
indicate that this arrangement was 
capable of removing 85 per cent of the 
COD of a milk waste containing 500 
ppm of COD at a detention period of 
about 24 hr and an organic loading of 
0.04 lb per day/cu ft. This loading 
was selected on the basis of limited 
pump capacity and is not necessarily a 
limiting load. Further work is under- 
way using a different model of the 
same general unit. 


ess in a particular situation is the 
thermal requirement. Obviously, a 
warm, concentrated waste from a vola- 


* Furnished by Infileo, Inc., Tueson, Ariz. 
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FIGURE 14.—Thermal requirements of 
the anaerobic contact process for various 
temperatures. 


tile solids standpoint can be more eco- 
nomically treated by this process than 
a colder dilute waste. Other elements 
such as system operating temperatures, 
thermal fuel eli- 
matic conditions, percentage of return 
sludge, and flow diagram employed af- 
feet the economic balance. Summarily 
it can be stated that the thermal con- 
sideration will usually be the 
trolling factor in the determination of 
the most economical method of treat- 
ment. 


efficiencies, costs, 


con- 


Conventional Anaerobic Process 


The detailed bases for caleulation of 
the thermal balances in this process 
are not presented. The major de- 
cisions and assumptions employed in 
the calculations of Figure 14 which 
summarizes the economics of the prob- 
lem are the following: (a) gross ecalo- 
rific value of gas of 830 Btu per cubic 
foot, (b) operations under winter con- 
ditions at a latitude north of 45° with 
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mean air temperatures of O°F and 
ground temperatures of 40°F, (c) 72 
per cent efficiency in heat exchange 
and boilers or other direct methods, 
(d) cost of supplementary fuel at nat- 
ural gas price of $0.35 per 1,000 eubic 
feet of 1,000 gross Btu per cubic foot 
of gas, (e) destruction of 60 per cent 
of the total volatile solids in the in- 
coming wastes and resultant gas pro- 
duction. 

An inspection of Figure 14 shows 
clearly the importance of the thermal 
situation in comparisons. The 
upper chart shows the daily cost of 
supplementary fuel for various raw 
wastes and operating temperatures and 
for wastes of different strengths. The 
lower chart shows similar data but in 
terms of conditions necessary to effect 
a thermal balance (no supplementary 
fuel requirements). The importance 
of warm or concentrated organie raw 
wastes is clearly apparent from the two 
charts and would be equally valid, 
within limitations, regardless of refine- 
ments in assumptions in the basic cal- 
culations. 


cost 


Rapid Adsorption Process 


Among other flow diagrams which 
could be conceived is that described as 
the rapid adsorption-sludge regenera- 
tion process. 

This particular flow diagram was 
originally considered as a result of 
1952 suggestions by R. Knutson, Chem- 
ist of the Austin city sewage treatment 
plant. It was subsequently learned 
that variations of the diagram 
may be included by claims in the Mor- 
tenson patent.* 

Thermal balance calculations for 
this flow diagram are shown in Figure 
15, the upper portion for 95°F, and 
the lower portion for 85°F in the con- 
tact unit. As indicated from a com- 
parison of Figures 1 and 11, the basic 
thermal difference between the two 
processes is that the conventional proc- 


some 


*U. 8. Patent 2,661,332 (Dec. 1, 1953). 
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FIGURE 15.—Thermal requirements of 
rapid adsorption process for 95°F and 85°F 
operation. 


ess generally discussed herein involved 
approximately uniform operating tem- 
peratures assumed at 95°F in the con- 
tact and separation units. 

The rapid adsorption process has an 
apparent but possibly not real thermal 
advantage over the conventional proc- 
ess described. Since only the contact 
(regeneration) tank temperature is 
maintained at the high temperature 
(95°F) the anaerobie culture de- 
veloped at that temperature is mixed 
with the incoming waste at a lower 
temperature, the mixture being sub- 
jected to a 1- to 3-hr exposure at the 
weighted reduced temperature. At a 
one-to-one mixture of return sludge at 
95°F and an incoming waste at 65°F, 
the organisms in the sludge are sub- 
jected to a 15°F decrease in tempera- 
ture in the separation phase for a 
period of as much as one-half the time 
in the system. This flow diagram has 
its apparent greatest thermal advan- 
tage when raw waste temperatures and 
concentrations are low, but is reduced 
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as raw waste temperatures approach 
contact tank temperatures and concen- 
trations increase. 

The effect of such rapid changes in 
environment under continuous pilot- 
plant operations should be studied fur- 
ther. These investigations confirm the 
importance of narrow range changes in 
environmental conditions. 

The basis of calculation in plotting 
Figure 15 is similar to that in Figure 
14 except that because of lower indi- 
cated performance as a result of ex- 
perimentation, a volatile solids removal 
of 50 per cent has been assumed as a 
basis of gas production instead of the 
60 per cent value for the basic flow 
diagram. 


Effects of Suspended Solids 
Concentration 


It has been shown that, within 
limits, there is an advantage to increas- 
ing the concentration of the solids in 
the contact portion. However, solids 
coneentration, by creating higher load- 
ings on the separation process, make 
necessary equipment size increases. 

Thus, an economic balance between 
the costs of the contact and the sepa- 
ration processes becomes necessary. 
The final determination for a particu- 
lar situation would be affected by 
many factors. For the conditions 
studied it is indicated that under con- 
ditions of gravity sedimentation, sus- 
pended solids concentration in the con- 
tact unit to between 10,000 and 15,000 
ppm is economical. Other methods 
of sludge concentration, including 
wicketing and weighting additives, flo- 
tation, wet eycloning, and centrifuging, 
could change this indicated advantage 
point and should be investigated. 


Economics of Raw Flow Equalization 


It has been indicated that the an- 
aerobic process consists of two sepa 
rate unit operations, the first including 
physical adsorption and biological re- 
action, and the second utilizing separa- 
tion of clarified effluent and return of 
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settled and compacted solids to the in- 
fluent. The contact process has been 
shown to have a reasonable degree of 
flexibility in adjusting to variations in 
load. The separation process being af- 
fected principally by physical actions, 
is influenced directly by volumetric 
changes in raw feed, assuming a 
constant level in the contact tank. 
Therefore, if any adverse effect of vari- 
ations in feed to the entering contact 
process is neglected, the economic prob- 
lem becomes one of balancing the capi- 
tal and operating costs of direct han- 
dling of the flow variations in the plant 
against equalization of flow by the use 
of storage tanks. 
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AMERICAN WATER WORKS ASSOCIATION OFFICERS 


At the recent American Water Works Association annual meeting of 
the Board of Directors the following schedule of nominations for the 


coming year was made: 


President: Lauren W. Grayson, Chief Engineer and General Man- 
ager, Public Service Department, Glendale, Calif. 


Vice-President: C. F. Wertz, Director of the Department of Water 


and Sewers, Miami, Fla. 


Treasurer: William J. Orchard, General Manager, retired, Wallace 


and Tiernan Ince., Belleville, N. J. 


TEACHING OPPORTUNITY 


Cornell University announces the availability of a teaching assistant- 
ship in the School of Civil Engineering to candidates for advanced de- 


grees in Sanitary Engineering. 


The position requires 30 hours per week of undergraduate Sanitary 


Engineering instruction. The stipend 


is approximately $3,300, not 


including university fees and one-half tuition. One-half residence unit 


per term is received. 


For further information contact Charles D. Gates, Head, Department 


of Sanitary Engineering, School of 


versity, Ithaca, N. Y. 
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Civil Engineering, Cornell Uni- 
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TREATMENT OF WASTES FROM TALL OIL 
REFINING * 


By B. W. Dickerson, W. T. Larrey, anp R. O. McNerL 


Hercules Powder Company, Wilmington, Del. 


The Franklin, Va., plant of Hercules 
Powder Company is located on the 
Nottoway River in the area of Dela- 
ware Park. The plant, which went 
into production in June 1956, frac- 
tionates crude tall oil to obtain rosins 
and fatty acids. Tall oil, which de- 
rives its name from tallolja (which 
means oil of pine in Swedish) is a 
regular by-product of kraft pulp man- 
ufacture and is obtained from neigh- 
boring pulp mills. Rosin obtained 
from tall oil is used in paper making, 
varnishes, printing inks, and chemical 
intermediates, while fatty acids are 
used in the manufacture of soaps, 
rubber, lubricants, paint, flotation 
agents, and protective coatings. At 
Franklin, the industrial wastes consist 
of process condensate from distilla- 
tion, primary purification wastes, tank 
ear washings, and floor washings. 
Sanitary wastes from some fifty em- 
ployees are collected in a_ sanitary 
sewerage system, comminuted, and 
pumped directly to the waste treat- 
ment plant. 

In December 1954, Hercules Powder 
Company announced its intention of 
entering the field of processing crude 
tall oil. Completion of the plant was 
scheduled for the first half of 1956. 
With no experience in treating tall 
oil wastes and no references in the lit- 
erature, the company was faced with 
the problem of securing design data, 
designing the plant, and completing 
construction within a period of 12 to 
18 months. A semi-plant was in op- 
eration in one of Hercules’ southern 


* Presented at the 13th Industrial Waste 
Conf., Purdue University; Lafayette, Ind.; 
May 5-7, 1958. 
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plants and a very limited amount of 
waste water was available for experi- 
mentation. Although unknown at this 
time, further experimental work was 
to be undertaken at the Hercules Re- 
search Center and additional wastes 
were to be available. However, the 
quantity was limited and certainly less 
than desired for adequate waste treat- 
ment pilot-plant studies. 


Pilot-Plant Studies 

Chemical Treatment 

For the initial studies, there were 
available two barrels of waste from 
the two phases of operation. The first 
batch, designated as Waste A, had a 
heavy layer of floating oil and the 
bottom liquid had a cloudy, greasy 
appearance. An analysis of the mix- 
ture of the two layers showed over 
5,000 mg/l of chloroform-soluble oil 
and 19,000 mg/l of BOD. After the 
layers were allowed to separate by 
gravity, analysis of the bottom layer 
showed a reduction to about 500 mg/1 
soluble oil and less than 3,000 mg/l 
BOD. The volatile acids in the mix- 
ture were similarly reduced from 
about 1,000 to 200 mg/l. The second 
batch, referred to as Waste B, was 
similar in appearance but the oil, 
BOD, and volatile acids concentrations 
were about one-third of those found in 
Waste A. Although most of the oil 
could be separated by gravity, a con- 
siderable amount remained in emul- 
sion. It was felt at this time that it 
would be necessary to remove these 
emulsified oils, not only to reduce the 
organic load to the waste treatment 
facilities, but also to prevent an oil- 
film barrier over the biologie slimes 
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TABLE I.—-Typical Waste Analyses 
Waste 
Ite 

4s B C De D;! 
Total solids mg ] 5 560 4 100 3,920 a 470 860 412 
Total volatile solids (mg/1 5,540 | 2.079 3,900 538 $20 304 
Suspended solids (mg/l 5,270 | 1,985 3,550 104 19 8 
Volatile suspended solids (mg/1 5,260 | 1,975 3,540 4 13 5 
pH 3.7 3.7 3.7 8.3 5.0 8.8 
Chloroform solubles (mg/1 5.730 | 1,390 3,450 160 300 120 
Volatile acids, as acetic (mg/l 1,030 70 540 167 130 120 
COD (mg/l 9.200 | 3,920 7.050 |1,600 2,450 (2,100 
BOD-5 (mg/I 19,000 5,500 (11,000 1,100 1,160 /1,100 
ks rate constant per day 0.16 0.14 
L, first-stage BOD (mg/I 1,300 1,380 


* Waste from first phase of operations. 
Waste from second phase of operations. 
Mixture of A and B. 

! Waste C, de-emulsified. 

Waste from Research Center. 

f Waste D, de-emulsified 


that could prevent oxygen transfer or 
conditions. A 
number of de-emulsification tests were 


over 1 gpm/sq ft with 20 to 24 in. of 
vacuum. The tests also showed that 
one pound of filtered sludge would be 


bacteriostatic 


ceause 


run by adjusting the pH to various produced from 2,500 gal of waste. 
levels usine lime, caustic soda, soda The solids content of the filtered 
ash, and ammonia. They were used sludge was 25 per cent. Analyses of 
separately and in various combina- Wastes A, B, and © and the super- 


tions. In addition, coagulants, such natant after de-emulsification of Waste 
as alum, calcium chloride, ferric sul © are shown in Table I. 


fate, and others, were tested in vari- 


ous combinations with the alkalies. 
With the addition of 1,000 mg/1 
ealeium chloride, followed by suffi- 
cient caustic ash, or am- 
monia, a sticky, slow-settling floe was 
The supernatant light 
brown in color and very The 
use of lime, alum, ferric chloride, and 
sulfate resulted in very poor 
or no floc formation. When the pH 
was adjusted to 9.0 prior to the ad- 
dition of the calcium chloride, a fairly 


soda, soda 


formed. was 


clear. 


ferric 


dense, good-settling floe was formed. 
The supernatant was clear with a 
lighter brown color. ‘The results of 


the de-emulsification tests were simi- 
lar on Wastes A and B and on a mix- 
ture of the two, Waste C. About 95 
per cent of the precipitate settled in 
30 min. ‘Tests indicated that the 
sludge could be filtered at a rate of 
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Trickling Filter Studies 

All additional bacteriological 
was done using Waste C. 
for chemical 


work 
The need 


treatment was obvious 
after biological studies were made. 
Without de-emulsification, Waste C 


was toxic to sewage bacteria even after 
dilution with river water to a 10 per 
cent concentration. Adjustment of 
the pH to 8.0 and dilution to 50 per 
cent indicated a bacteriostatic condi- 
tion and the oily emulsion tended to 
coat the filter The work was 
started by seeding two filters with set- 
tled domestic sewage and adapting the 
wastes to these units. filter 
erated as a single pass filter and 


stone. 


One op- 
the 
waste, diluted to 50 per cent, was ap- 
plied at a rate slightly exceeding 23 
gpd/sq ft. Although the BOD was 
reduced by 83 per cent, the effluent 
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contained no dissolved oxygen and the 
oxygen demand was high. In view of 
this it was decided to concentrate on a 
filter utilizing recireulation. The ef- 
fluent from the second filter was settled 
for about 30 min, aerated for an ad- 
ditional 30 min, mixed with the incom- 
ing waste, and re-applied to the filter. 
The ratio of recirculated liquid to raw 
waste was 5:1 and the BOD loading 
was increased to 16.5 lb per day/1,000 
cu ft and applied at a rate of 152 
epd/sq ft. The BOD of the diluted 
waste was reduced from 470 to 24 
mg/l, a reduction of 95 per cent. <As 
the dilution water was gradually re- 
duced to zero a large amount of froth- 
ing took place. In an attempt to con- 
trol frothing, the recireulation ratio 
was decreased from 5:1 to 3:1. Ina 
few days the system became acelima- 
tized and, after a temporary drop, 
BOD removals gradually increased to 
about 95 per cent again and no froth- 
ing recurred. 

At no time was there any disagree- 
able odor from the filter. The efflu- 
ent was completely stable and showed 
no evidence of odor or further decom- 
position even after standing 15 days 
at room temperature. The effluent 
was quite high in color, low in sus- 
pended solids, and very clear. Analy- 
ses of the waste, before and after 
treatment, are shown in Table II. 
One- to 10-day BOD tests were made 
on composite samples and it was found 
that the first-stage BOD was also re- 
duced by about 95 per cent. The BOD 
curves are shown in Figure 1. Ni- 
trification was evident at about eight 
days for the influent and at five days 


TABLE II.—Typical Analyses of Tre 


| Trickling Filter Treatment 


Constituent 


Untreated | Treated 


Total volatile solids (mg/]) 538 


Chloroform solubles (mg/1) 
BOD-5 (mg/l) 1,100 
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for the effluent. In actual practice, it 
would be prudent to reduce the phos 
phorus and nitrogen nutrients to 
minimize algal growths at the outfall. 


Activated Sludge Studies 


Aeration studies looked attractive, 
but there was a reluctance to con- 
sider seriously activated sludge treat- 
ment here. The principal advantages 
were obvious—a high degree of treat- 
ment, a smaller area required, and a 
lower investment. 

Earlier opinions nothwithstanding, 
there were signs that a closer look 
at activated sludge treatment was 
warranted. Warburg respirometer 
studies under nearly all variables indi- 
cated: treatment equal to or better 
than trickling filter treatment could 
be obtained; nutritional requirements 
should be equal; and pII requirements 
certainly should be no more critical. 
If an excess of sludge could be made 
available to absorb sudden increases 
in load, and if the plant could be de- 
signed to operate with a minimum of 
supervision, then the principal objec- 
tions would be eliminated and the ad- 
vantages would outweigh the disad- 
vantages. The only trouble at this 
point was that the waste samples were 
so depleted that an adequate study 
could not be made. With the small 
amount of wastes remaining, runs 
were made for a few days that led to 
the conclusion that an activated sludge 
plant with 24 to 30 hr aeration could 
produce the same degree of treatment 
as a trickling filter. 

Realizing the advantages of an ac- 
tivated sludge plant, but not having 
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FIGURE 1.—Typical 10-day BOD progression of de-emulsified Waste C before and after 
laboratory trickling-filter treatment. 


the information design 
one and being reluctant to be anything 
than conservative, it was a wel 


come relief to be informed that a semi- 


necessary to 


less 


FIGURE 2.—Effect of aeration on BOD 
removal. 


plant would be run for a short period 
of time at the Hercules Research Cen- 
ter. A few more drums of the waste 
products were made available and the 
process engineers assured that this 
latest waste would more closely resem- 
ble the actual operating waste. This 
new waste, referred to as Waste D, 
closely resembled the de-emulsified 
waste mixture of the previous samples. 
De-emulsification studies indicated 
that alkali and calcium chloride addi- 
tions had very little effect on the waste 
strength and certainly the costs would 
not be justified for the small reduc- 
tions obtained. 


Warburg studies showed substan- 
tial agreement with the chemically 
treated original wastes so aeration 


studies were begun. Samples were re- 
moved at 2 hr intervals for 6 hr and 
at 24 and 30 hr. Figure 2 shows the 
per cent BOD removal for the differ- 


ent retention times. Table II shows 
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results obtained with both trickling 
filters and activated sludge. 


Waste Plant Design 
(reneral 


A flow sheet based on the final de- 
sign is shown in Figure 3. The de- 
sign was based on an anticipated flow 
of approximately 0.1 mgd with a BOD 
concentration of about 1,200 mg/l. 
The primary purification wastes and 
process condensate flow by gravity 
to the wet well. The floor washings 
and car washings are pumped to the 
wet well. All sanitary sewage is col- 
lected in a separate system and flows 
to a separate lift station where it is 
comminuted before being pumped di- 
rectly to the activated sludge aera- 
tion tank. The industrial waste is 
pumped from the wet well to an oil 
separation chamber where the floating 
oils are skimmed off and collected for 
burning. ‘The underflow passes to the 
first-stage mixing chamber where am- 
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monia and soda ash are added, then 
to the second mixing chamber where 
calcium chloride and phosphate are 
added. From there, the wastes pass 
through a Parshall flume, thence to 
the settling basins where the solids are 
settled. From here, it is pumped to 
the activated sludge aeration tank, 
then proceeds by gravity to the final 
settling tank. After settling, the efflu- 
ent is mixed with uncontaminated 
cooling water and flows through the 
outfall ditch to the river. The sludge 
is pumped to the sludge reaeration tank 
and a portion of the clarified effluent 
is returned to the activated sludge 
tank. 


Lift Pumps Level-control Valve 


Process wastes are collected in the 
wet well and pumped to the oil sepa- 
rator by vertical self-priming pumps. 
The suction lift is about 8 ft. The 
pumps were designed to handle not 
only the wastes at a temperature of 
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FIGURE 3.—Flowsheet of waste treatment plant. 
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FIGURE 4.—Wet well and oil separator. 


140°F, but to aspirate 1.5 cfm of air. 


The valve on the discharge side of 
the pumps controls the level in the 
pump sump and is regulated pneu 


matically by a controller actuated by 
a float valve in the wet well. Soda ash 
is added at the wet well to increase the 
pH to about 6 or 7. 


Oil Separator 


The wastes then pass through the oil 
separator which has a retention time 
of 90 min. The 
conveyed by flights up an 
ramp into a trough and then passes 
Periodically, the ac- 
cumulated oil is pumped into drums 
be burned in the 
with light 


opera- 


free oil floats and is 


inclined 
to an oil sump. 
removed to 


together 
from 


and is 
furnaces 
and pitch 
The subnatant then passes under 


boiler 
ends process 
tions. 


a baffle and into the first-stage mixing 
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chamber. The wet well and oil sepa- 
rator are shown in Figure 4. 


Vixing Chambers and Chemical Feed 
Pumps 


In the first-stage mixing chamber, 
the pH is increased to the point re- 
quired for de-emulsification. Aqueous 


ammonia is fed primarily for the ni- 
required for bacterial cell 
metabolism and, secondarily, for the 
alkalinity. A pH controller in the 
chamber controls the feed of soda ash. 
propeller-type installed 
here. In the second-stage chamber, a 
added for nutri- 
ent, and calcium chloride is added for 
precipitation of emulsified 
prevent the floc breaking into 
fine particles, a gentle air mix is used, 
the 
biological 


trogen 


mixer is 
phosphorus salt is 


oils. To 


from 


blowers 
treat- 


the air is obtained from 


furnishing air for 
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ment. <A single carborundum tube 
distributes the air. 


Parshall Flume and Chemical Pumps 


The Parshall flume is used not only 
for flow measurement but for control 
of the chemical feed pumps. The 
pumps are all connected to a single 
motor and, as the speed of the motor 
changes in proportion to the flow, 
the chemical feed rates are likewise 
changed. However, the soda ash re- 
quired for pH adjustment is not al- 
ways a direct function of the flow and 
a separate air motor, actuated by the 
pH controller, adjusts the stroke of 
that pump so that the proper amount 
of soda ash is fed. 


Primary Settling and Equalizing 
Tanks 


The chemically treated wastes flow 
to two settling basins providing a de- 
tention of 18 hr in each tank. No 
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sludge collection equipment was in- 
stalled but when necessary the solids 
are pumped to a tank truck and hauled 
to a burial site. One unit is used at a 
time. Piping is arranged so that the 
tanks may operate either in series or 
parallel. 


Activated Sludge and Reaeration 
Tanks 


The waste is then pumped to the 
inlet box of the activated sludge tank 
and mixed with reactivated sludge, re- 
turned final effluent, and sanitary sew- 
age. The inlet box is a chamber 4 by 
4 by 4 ft and carborundum tubes at 
the bottom disperse air for thorough 
mixing. The mixture passes over the 
side to the aeration tank proper and 
is aerated for 30 hr. The design BOD 
loading is approximately 85 lb per 
day/1,000 cu ft of tank volume. The 
tank is 50 ft in diameter with a water 
depth of 16 ft and about 1.5 ft of free- 


FIGURE 5.—Top of aeration tank. 
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FIGURE 6.—Aeration tank and final settling tank on left; primary set- 
tling tank on right. 


FIGURE 7.—Chemical-feed house, oil separator, sludge reaeration tank, 
aeration tank, and final settling tank. 
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board. An end-around baffle bisects 
the tank. A walkway extends the 
length of the tank directly over the 
baffle and is discernible in Figure 5. 
Air is introduced and dispersed by im- 
pingement aerators on each side of the 
baffle. The air capacity of the system 
is rated at 800 cfm. Normal operation 
utilizes about 740 cfm. 

The reacration tank, which is simi- 
larly constructed, receives the settled 
sludge from the final settling basin. 
Air, at the rate of 100 cfm, is intro- 
duced through a sparger ring near the 
bottom and sheared by a propeller 
mixer located directly above the 
sparger ring. The propeller action 
forces the liquid downward past the 
air outlet. The reaeration tank is 8 ft 
in diameter with a 16-ft water depth 
and is designed for 5-hr sludge reten- 
tion. Figure 6 shows the relative po- 
sitions of the activated sludge aeration 
tank and primary settling tank. Fig- 
ure 7 shows the activated sludge aera- 
tion tank, sludge reaeration tank, oil 
skimmer, chemical and pump _ house, 
and final settling tank. 


Blowers 


Two positive rotary blowers, each 
having a capacity of 840 cfm, were 
installed to provide air for the ae- 
tivated sludge tank, sludge reaeration 
tank, and the air-mixing basin. Only 
one blower is used at a time. 


Final Settling Basin 


The overflow from the activated 
sludge tank enters the distribution 
chamber of the final settling basin and 
passes through distribution orifices 
into the tank proper. The retention 
time is 2.0 hr. The settled sludge is 
moved to two sumps at the inlet end 
and from there it is pumped to the 
sludge reaeration tank. The effluent 
passes over multiple weirs at the down- 
stream end of the tank. About 45 
gpm is returned to the inlet box of 
the activated sludge tank. Two 50- 
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gpm sludge pumps are available for 
sludge handling. 


Start-up 
Seeding 


The initial start-up of an industrial 
waste treatment plant presents many 
problems not encountered in a munici- 
pal installation because the influent is 
usually sterile and the organisms 
necessary for biological treatment 
must be obtained from another source. 
Of course, there is some sanitary sew- 
age from the plant personnel, but usu- 
ally in amounts too small to be used 
for seed in a waste plant having a 
capacity that compares to the popula- 
tion equivalent of a medium-size city. 
For the Franklin, Va., waste treat- 
ment plant there appeared to be four 
possible sources of seed: commercial 
dehydrated sludge, skimmed milk and 
animal manure, septic tank sludge, 
and digester sludge. 

After considering the quantities and 
cost of each seed, it was decided to 
use digester sludge. Arrangements 
were made with the Franklin munici- 
pal treatment plant, and a septie tank 
cleaning company was engaged to haul 
a minimum of 10,000 gal of sludge and 
whatever additional quantity might be 
required. In preparation, the tanks 
and basins had been filled with water, 
and the aeration equipment was put 
in operation the evening before the 
first load of sludge was delivered. 
The sludge was dumped into the sani- 
tary pump sump, diluted for easier 
pumping, and pumped directly to the 
aeration tank. Two or three loads of 
1,000 gal each were brought in each 
day and at the end of the week, with 
16,000 gal of sludge in the aeration 
tank, the industrial waste was intro- 
duced at a 10-gpm rate. The excess 
waste was diverted to the lagoon. At 
this time, no chemicals were used for 
de-emulsification. However, both di- 
ammonium phosphate and aqueous am- 
monia had been added directly to the 
aeration tank. 
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Increase in BOD 


Although the distillation wastes 
were similar to the pilot-plant samples 
from the Research Center (Waste D) 
process facilities were installed for 
pretreatment of the tall oil. This 
process resulted in an additional waste 
not originally contemplated. Conse- 
quently, at the time of start-up, the 
BOD of the raw waste was in the 
range of 1,800 to 2,400 mg/1 rather 
than 1,200 mg/l. For a number of 
weeks operation of the process equip- 
ment was in a state of flux and the 
volume and characteristics of the 
waste varied considerably. 

The sludge acclimatized well and 
the waste feed was increased weekly in 
about 10-gpm increments until the 
flow had reached 50 gpm. At this 
time the BOD reduction was about 90 
per cent. The COD, however, was 
very erratic and changed as much as 
400 per cent from day to day, with 
resulting shocks to the activated 
sludge tank. In order to guarantee 
a more uniform load to the system, the 
plant waste was diverted to the lagoon 
and then fed directly to the activated 
sludge tank. This resulted in a rela- 
tively uniform COD in the feed. This 
practice was continued until the de- 
sign rate of 70 gpm was reached. The 
initial start-up period spanned about 
seven weeks. 

As a point of interest, the various 
phases of development of micro-organ- 
isms in the mixed liquor followed the 
general pattern found by McKinney 
and Gram in their work with protozoa 
and activated sludge (1). 


Performance 


With the plant operating at 40 to 
50 per cent of capacity, sometimes less, 
the only visible organisms were bac- 


teria. Free swimming Ciliata, Para- 
mecia, Amoeba, and Holophrya began 
to appear as the design-flow rate was 
approached, becoming more numerous 
as the BOD efficiency increased. The 
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effluent retained a characteristic amber 
eolor, but the cloudy appearance di- 
minished. When the BOD removal 
reached a level of 80 per cent the free 
swimming ciliates were joined by an 
ever increasing number of rotifers, 
predominantly Diglena. This popula- 
tion balance was constant as the ef- 
ficiency increased to about 95 per cent. 
However, not a single observation dis- 
closed any sign of the stalked ciliates 
usually indicative of the high removals 
and clear effluent now being obtained. 

After the waste treatment plant was 
operating satisfactorily the organisms 
were not observed for a three-month 
period. During that period, with re- 
movals still in the vicinity of 95 per 
cent, the population had undergone a 
complete change. The field was cov- 
ered completely with _ bell-shaped, 
stalked ciliates resembling Vorticella 
with only an occasional rotifer or free- 
swimming protozoan. Bacteria were 
present, however, as they were during 
all stages of the start-up period. 

After four months of creditable op- 
eration, the average BOD increased 
from about 2,000 to 3,700 mg/1 and 
the efficiency started to drop. At 
about the same time, oil began to ac- 
cumulate in the aeration tank and 
seemed to form a film on, or was par- 
tially absorbed by, the sludge par- 
ticles. 

It was apparent from treatment ef- 
ficiencies and sludge appearance that 
the bacteria could not tolerate this oil 
component. In September, some four 
months after start-up, de-emulsifica- 
tion was started. 

There was now no question about 
removing the emulsified oils and the 
necessary chemicals were fed for this 
purpose. Two unforeseen difficulties 
arose, however: (a) part of the solids 
floated as a thick, oily scum; and (b) 
the scum stuck to the sides of the 
pipe between the Parshall flume and 
the primary settling tank and finally 
plugged it. The first problem was 
solved by increasing the amount of 
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FIGURE 8.—BOD values of the influent 


calcium chloride. The second problem 
was eliminated by repiping the soda 


ash to the inlet of the primary settling 
tanks. 


After the techniques had been per- 
fected, good separation of emulsified 
oils was obtained and the resulting 
BOD was found to be quite similar to 
the BOD of the de-emulsified waste 
samples. With the exception of minor 
mechanical difficulties, and periodic 
excessive foaming in the aeration tank, 
the waste treatment plant has given 
consistently good results. Figure 8 
shows influent and effluent BOD values 
for a recent six-month period. With 
the exception of a short period, the 
BOD reduction has exceeded 90 per 
cent, usually in the range of 96 to 98 
per cent. 


Operating Criteria 
COD-BOD Ratio 
In order to better control waste 
plant operations, a number of studies 
were made to correlate COD-BOD ra- 
tios, optimum mixed liquor solids, and 


mae $8 


and effluent for a recent six-month period. 


optimum sludge indexes and ages. 
The COD and BOD values, as well as 
the COD-BOD ratio of the de-emulsi- 
fied wastes, were relatively constant. 
The COD-BOD ratio of the effluent 
was found to be a function of the de- 
gree of treatment. During the time 
the plant was being brought up to 
full load, the ratio was on the order 
of 3:1, but after a few weeks’ opera- 
tion with a high degree of treatment, 
the ratio increased to 8 or 10:1. 


Suspended Solids 


To determine optimum suspended 
solids in the mixed liquor, the solids 
contents were carried at various levels 
from 1,500 to over 4,000 mg/l. As the 
solids were increased to 3,000 mg/l, 
the treatment also improved. Beyond 
this concentration there was little 
change in efficiency. However, above 
4,000 mg/], the residual DO decreased 
and the sludge became bulky and set- 
tled poorly. Now, the solids are con- 
trolled at the 3,000- to 4,000-mg¢/l 
range. 
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DENSITY INDER 


FIGURE 9.—Sludge density indexes, mixed liquor suspended solids concentrations, and 
BOD removals for a recent six-month period. 


Sludge Age 


Sludge age (2) 
the formula: 


was computed from 


V X SSe 
Sludge Age = ————— 

ge Age = OX 85,’ 
in which 


volume of aeration tank, mil 
gal; 
suspended solids in 
liquor, mg/I; 

= waste flow, mgd; and 
suspended solids in aeration 
tank influent, mg/1. 


mixed 


SS; 


The sludge age, using this formula, is 
about 3 days. 


Sludge Index 


The sludge index values shown in 
Figure 9 do not suggest that the BOD 
reduction is a function of the sludge 
index. However, when conditions 
were such that the efficiency fell off, 


the sludge index increased. Even 


after the efficiency returned to ‘‘nor- 
mal’’ the sludge index continued to 


increase before it returned to its ‘‘nor- 
mal’’ range. 


Activated Sludge 


With BOD loadings of 85 Ib per 
day/1,000 cu ft of aeration tank vol- 
ume it might be expected that a dis- 
persed type of biological growth would 
exist. However, the solids content of 
the mixed liquor, the types of organ- 
isms present, and the high degree of 
treatment do not indicate such is the 
case. 

3y knowing the point on the micro- 
organism growth curve at which the 
plant is operating, it becomes possible 
to keep operating costs at a minimum. 
This cost-saving control is brought 
about by the proper regulation of 
mixed-liquor temperature and the feed 
of de-emulsification chemicals. It has 
been determined that the optimum 
temperature of the mixed liquor is 
about 33°C and that temperatures as 
low as 23°C can be tolerated with 
little loss of efficiency. It has also 
been found that satisfactory de-emulsi- 
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fication can be obtained by cutting out 
the calcium chloride feed for a certain 
period each shift. Simply reducing 
the rate of feed impairs performance, 
however. It appears that once a floc 
is formed it has the ability to remove 
emulsified oils in the portion of the 
waste not chemically treated. So far, 
the chemical-feed period has been re- 
duced by 40 per cent without having 
oil accumulate in the aeration tank 
and with no adverse effect on treat- 
ment. Present studies on the effects 
of increased loads and reduced chemi- 
cal and heat additions will continue 
until a declining growth phase is indi- 
cated. 

The primary reason for these studies 
is to reduce chemical costs. Fortu- 
nately, a reduction in BOD removals 
can be tolerated. 


Operating Problems 
Aspirator 


Preliminary studies suggested that 
the addition of a small amount of air 
to the raw wastes would improve the 
floatability of the free oil. Conse- 
quently, the wet-well pumps in the 
lift sump were designed to pump 1.5 
efm of air together with the liquid. 
Considerable time and effort were 
spent in adjusting the amount of air 
passing into the suction line but be- 
cause the power requirements in- 
creased tremendously with only small 
increases of air, the motor would be- 
come overloaded and cut off. It was 
found that the air addition did not 
materially affect the flotation of oil 
and its use was discontinued. 


Oil Separator 


The oil separator was designed for 
90 min retention. A series of flights 
pushed the oil toward the outlet end of 
the tank, up an inclined ramp, then 
into a trough to an adjacent oil sump. 
This worked well except that after a 
few weeks the neoprene edges attached 
to the flights would soften and eur). 
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Teflon edges appear to be the answer 
to the problem. 

For a separator of this size it would 
probably be better to build a larger 
tank to maintain a larger volume of 
oil and skim manually through a slotted 


pipe. 
Lagoon 


The lagoon was installed primarily 
for storage of wastes that could not be 
handled at the waste treatment plant. 
Two wood tanks were installed for 
sedimentation of the precipitated 
sludge and equalization of the wastes. 
Experience indicated that these tanks 
were not always effective in their 
equalizing role. But when the flow 
was changed to pass through the la- 
goon before entering the tanks, the 
BOD values became more constant and 
the treatment plant more efficient. 
The lagoon is not always necessary. 
In fact, it has been some months since 
it last was used. But, if stronger- 
than-normal wastes appear, or if the 
de-emulsification process should fail, 
the only way to prevent a shutdown of 
operations is by lagoon storage. 

Of course, the waste plant must con- 
tinue to operate even when process op- 
erations are shutdown and at this time 
the lagoon serves as a reservoir from 
which the feed to the waste treatment 
plant is obtained. Also, it appears 
that in the lagoon there is a partial 
breaking of the emulsion. This action 
could lower the quantity of chemicals 
required for full de-emulsification and 
further reduce costs. 


Compressors 


Positive rotary blowers were in- 
stalled at Franklin and have given 
good service. However, at another 
Hercules plant, turbo-compressors were 
installed for the same purpose and 
during a year’s operation, have given 
excellent service. The cost for the 
turbo-compressors was considerably less 
and there are two other advantages: 
the first is quieter operation; and the 
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ease of 


delivered. 


second is 
volumes 


adjustment of air 
The turbo-com- 
pressor performance curve is not too 


unlike the curve for a_ centrifugal 
pump, and if the discharge is throt- 


tled, the volume delivered and power 
requirements are reduced accordingly. 


Costs 


Labor costs have been extremely 
supervision, operation, 
and laboratory control are all done by 
people who required for other 
duties. For example, the chief plant 
chemist is primarily responsible for 
operation, the analyses are performed 
by a laboratory technician, and the 
boiler house that the 
replenished and_ the 
equipment is maintained. The power 
requirements cannot be reduced very 
much after design and installation, al- 
though proper maintenance and oper- 
ation will help. 

The expense, and the one 
that must be constantly studied, is for 
nutrient and de-emulsification chemi- 
There are several ways to intro- 
duce nitrogen and phosphorus, but be- 
cause of the necessity of increasing the 
pHi of the influent, ammonia is su- 
perior to the ammonia salts, and a 
phosphate salt 
phorie acid. 
monia and diammonium phosphate 
were chosen for nutrient supplementa- 
tion. 

The plant use the 
alkalinity of the aqueous ammonia and 


low because 


are 


operators see 


chemicals are 


biggest 


cals. 


is superior to phos- 


In this case, aqueous am- 


vas designed to 


thus reduce the soda ash requirements. 
However, it found that a large 
portion of the ammonia volatilized be- 
fore reaching the activated sludge 
Also, the phosphate 
was precipitated during the de-emulsi- 
fication Consequently, soda 


Was 


aeration tank. 


process. 
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ash is now used exclusively for pH ad- 
justment and the nutrient chemicals 
are fed directly in the feed line to the 
activated sludge tank. 

After the plant was stabilized, the 
feed of these chemicals was reduced to 
the point where there is practically 
zero residual in the effluent. Opera- 
tion could be maintained with smaller 


quantities of nutrient feed but the 
efficiency would be reduced corre- 
spondingly. 


Management 


Probably one of the most important 
requirements for successful operation 
of a waste treatment plant is to have 
an interested management. To have 
a plant manager, who, in addition to 
having a fine sense of civic responsi- 
bility, had experience at another plant 
where extremely toxic wastes had to 
be treated, is indeed fortunate. The 
results of this sympathetic attitude to 


waste treatment are obvious. 
Conclusions 
The conclusions to be drawn are 


largely self-evident. 
plant 


First, a full-seale 
ean be satisfactorily designed 
with a limited amount of waste sample 
and closely controlled laboratory stud- 
ies. Second, tall oil refining wastes 
treated. Third, 
through the experimentation and study 


of interested operating personnel opti- 


ean be successfully 


mum results can be obtained at mini- 
mum operating cost. 
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Stream Pollution 


CHROMIUM-INDUCED CHANGES IN THE BLOOD OF 
RAINBOW TROUT, SALMO GAIRDNERII 


By R. H. ScuirrMan * Aanp P. O. Fromm 


Department of Physiology and Pharmacology, Michigan State University, 
East Lansing, Michigan 


In assaying the toxicity of indus- 
trial wastes it has been difficult to set 
definite limits for toxicity to the bio- 
logical environment since catastrophic 
changes can occur in an aquatic biody- 
namie cycle under a given set of en- 
vironmental conditions. The fish bio- 
assay, which deals with populations, 
generally fails because it is primarily 
concerned with acutely toxic concen- 
trations. This necessitates an inter- 
polation or, more often, extrapolation 
of the data in order to estimate a bio- 
logically safe concentration. Although 
this standard bioassay procedure pro- 
posed by Doudoroff et al. (1) has gone 
far to standardize toxicity studies, the 
literature still contains a variety of 
methods which have yielded results of 
little value except to the original in- 
vestigator. 

Many papers that deal with the tox- 
icity of both trivalent and hexavalent 
chromium to fish have been reviewed by 
Doudoroff and Katz (2). Nearly all 
of the information to date pertains to 
the concentration of chromium proven 
to be toxie to the various species of 
fish studied and is little concerned 
with the physiological cause of death. 
Abegg (3) (4), using bluegills, studied 
changes in tissue fluids and blood spe- 
cifie gravity brought on by exposure 
to solutions of sodium chromate and 

*Present address: Biology Operation, 
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sodium dichromate. Sodium chromate 
had no effect but sodium dichromate 
caused a slight increase in the fluid 
content of muscle and a decrease in the 
blood specific gravity (significant to 
the five per cent level). He also noted 
that exposure to dichromate caused 
some precipitation of the mucous cov- 
ering of the body. 

Fromm and Schiffman (5) reported 
that exposure of largemouth bass to 
94 mg/l of Cr (about \% the 48-hr 
median tolerance limit or TL,,) caused 
initially a slight but not highly sig- 
nificant increase in the oxygen con- 
sumption, followed by a gradual de- 
cline to 27 per cent below normal after 
68 hr of exposure. Coagulated strings 
of mucus from the anus of all experi- 
mental fish were observed prior to 
death and histological examination re- 
vealed se,ere pathological changes in 
the g¢t posterior to the pyloric caeca, 
which iu ail probability completely 
destroyed its digestive function. 

No damage to the gill tissue has 
been reported as being caused by ex- 
posure of fish to water containing chro- 
mium. It is well established that 
many metals kill by precipitation of 
the mucus covering the gills, thereby 
interfering with the respiratory fune 
tion of this organ. 

Unpublished results obtained in this 
laboratory have shown that appreci- 
able quantities of chromium are ac- 
enmulated by largemouth bass placed 
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in water containing hexavalent chro- 
mium. Tracer experiments using ra- 
dioactive chromium have shown that 
small amounts of chromium appear in 
the musculature and significant amounts 
appear in the spleen, gall bladder 
(plus bile), kidney, and liver. Un- 
doubtedly this chromium is distributed 
to the various tissues by way of the 
blood stream. The information re- 
ported herein deals with the effect of 
exposure to non-acutely lethal levels of 
chromium on the physiology of the 
blood of rainbow trout. 


Materials and Methods 


The rainbow trout, from 10.0 to 17.0 
em long, used in this study were sup- 
plied by the Michigan Department of 
Conservation and were transported to 
the laboratory in lots of 100. They 
were acclimated to laboratory condi 
tions for 10 to 14 days prior to the 
start of any experimental procedures. 
The temperature was held at 14 to 
15°C and the tap water in which the 
fish were kept had a hardness of 334 
mg/l of CaCOsg, total alkalinity of 204 
mg/l of CaCOgs, and a pH of 8.5 to 
8.8. The fish were kept in a constant 
temperature room under continuous il- 
lumination. Each Monday, Wednes- 
day, and Friday they were fed a bal- 
anced diet of dry commercial fish food. 

Blood samples were collected and 
analyzed according to methods de- 
scribed in other work (6). 

Fish to be splenectomized were anes- 
thetized with MS-222. After anesthe- 
tization they were placed in the V- 
shaped trough and given artificial res- 
piration. mid-ventral incision, 
about 1.5 em long, was made slightly 
posterior to a midpoint between the 
pectoral and pelvie girdles. The spleen 
would usually lie beneath this loca- 
tion. Using pointed forceps, the 
spleen was withdrawn through the in- 
cision and eut off. Negligible bleeding 
resulted, since the vessels serving the 
spleen are small, and clotting occurred 
very rapidly. After removal of the 
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spleen the incision was closed with a 
single suture, the area dried with a 
sponge and then covered with col- 
lodion. By this time the fish had usu- 
ally recovered from the anesthetic 
enough to be returned to an aquarium. 
When returned to the aquarium the 
fish showed no abnormal behavior and 
within 15 min they often fed on trout 
pellets. 

The bioassay of the toxicity of chro- 
mium to rainbow trout was run ac- 
cording to the procedure established 
by Doudoroff et al. (1), with modi- 
fications as previously described by 
Fromm and Schiffman (5). 

The chromium content of the water 
measured colorimetrically using 
the method of Saltzman (7). 


was 


Laboratory Tests 
Uptake in Organs 

The bioassay of the toxicity of chro 
mium yielded a value of 100 mg/1 of 
Cr for the 24-hr median tolerance limit 
of rainbow trout. Arbitrarily a work- 
ing level of 20 mg/l] of Cr was chosen 
for the study of the effect of non- 
acutely toxie concentrations of chro- 
mium on rainbow trout. 

Using a combination of both stable 
and radioactive chromium (Cr**), 
aquaria were set up so that each milli- 
liter of water contained 18.6 pg of 
chromium. Three fish with a mean 
weight of 12.9 g were exposed to this 
concentration for 24 hr after which 
they were sacrificed and the spleen, 
liver, kidney, gall bladder, and a seec- 
tion of the caudal peduncle were re- 
moved. The caudal peduncle served 
as a control since it is predominantly 
muscle tissue and was not expected to 
concentrate the chromium. 

The mean total uptake of chromium 
per fish by the liver, spleen, kidney, 
and gall bladder (with bile) was 72.5 
pg during the 24-hr exposure period. 
Analysis of variance methods showed 
that only the spleen and gall bladder 
(with bile) had a significantly higher 
uptake than the caudal peduncle. 
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TABLE I.—The Effect of Exposure to 20 mg per liter of Cr on the Blood of Rainbow Trout 


(Salmo gairdnerii).* 


Hematocrit | Hemoglobin 


l'reatment (ml/100 ml) | (g/100 ml) 


Intact trout: 

Clean tap water 

Cr watert 
Splenectomized trout: 

Clean tap water 

Cr watert 


31.841.39 
43.81.56 


6.5+1.27 | 
6.6+0.25 


28.54+1.42) 5.641.138 


* All values given as mean and standard error. 


+ Concentration of 20 mg/I. 


These results are in accord with pre- 
viously unpublished information ob- 
tained with largemouth bass. The 
chromium, once inside a fish, must be 
distributed to the various tissues via 
the blood. This led to further studies 
on the effect of chromium on the 
physiology of the blood of rainbow 
trout. 


Blood Effects Tests 


In preliminary work it had already 
been noted that the per cent of red 
blood cells (hematocrit) in the cir- 
culating blood of trout signifi- 
cantly increased as the result of 
exposure to 20 mg/lof Cr. The follow- 
ing experiment was set up to investi- 
gate the causes for the rise in the 
hematocrit and to study the relation 
of the spleen to this phenomenon. 

Forty fish were splenectomized and 
allowed to recover from the operation 
for 24 hr. At the end of this time 
four groups of 20 fish each were 
treated as follows: 


1. Intact fish in clean tap water. 

2. Intact fish in water containing 
20 mg/l of Cr. 

3. Splenectomized fish in clean tap 
water. 

4. Splenectomized fish in water con- 
taining 20 mg/1 of Cr. 


Samples of blood were obtained after 
24 hr from 10 fish in each group for 
determinations of hematocrit, red cell 
count, and hemoglobin. Red _ blood 


1.0440.18 | 
40.642.92] 7.440.51 | 1.38+0.11 | 


| 
ted Blood Blood | Plasma | Blood 
(million / Cells Length Volume Volume 
(u) | (ml/100 g) (m1/100 g) 


1.110.098 | 14.6940.24 | 2.1340.14) 3.2440.16 
1.25+0.032 | 14.9340.15 | 1.6140.12) 3.0140.18 


| 
2.4440.12| 3.85+0.16 
| 1740.10 3.1640.14 
be 


cell length determinations were done 
on intact, but not on splenectomized 
fish. The remaining 10 fish in each 
group were used for measurement of 
the plasma and blood volumes. The 
data summarized in Table 1 were com- 
pared statistically using analysis of 
variance, covariance, and t-tests. 

The splenectomized and intact fish 
exposed to chromium had hematocrits 
significantly higher than those fish, 
both splenectomized and intact, not 
exposed to chromium. There was no 
difference between the chromium-ex- 
posed splenectomized fish and_ the 
chromium-exposed intact fish. 

The blood of splenectomized fish ex- 
posed to chromium had a significantly 
higher hemoglobin content than did 
blood from splenectomized fish that 
were not exposed. There was no evi- 
dence of differences between other 
groups. 

According to the analysis of vari- 
ance, the splenectomized fish exposed 
to chromium had significantly higher 
blood cell counts than the intact and 
splenectomized controls. By t-test the 
intact fish exposed to chromium also 
had a higher blood count than the in- 
tact trout. 

By t-test, the intact fish exposed to 
chromium had _ significantly larger 
blood cells than the normal trout in 
tap water. No measurements were 
made on splenectomized fish. 

By covariance, the splenectomized 
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fish in tap water had a significantly 
higher plasma and blood volume than 
the splenectomized fish exposed to 
chromium. The experimental evidence 
did not show a difference in the other 
groups. When the plasma and blood 
volumes were expressed as a linear re 
vression of volume on body weight all 
correlation coefficients 


regression and 


proved to be highly significant. 


Discussion of Effects 

The 
hematocrits of normal trout exposed to 
be brought 
cell 


number, 


highly significant increase in 


chromium could about by 
increase in size, (b) an 


decrease in plasma volume. 


a) an 

increase in and (¢) a 
These are 

discussed in the order given. 

Normal trout in clean tap water had 
blood cell 0° 
cells per eubie millimeter and a hema- 
tocrit of therefore, by caleula 
tion 100 ml of blood contained 1.11 X 
10" cells and each milliliter of packed 
red blood cells contained 3.50 x 10° 
Intact trout exposed to chro 
mium had a mean hematocrit of 43.8 
Blood from these fish had, by caleula 
1.25 x 10"* cells per 100 ml 
each milliliter of packed red cells con- 
tained 2.85 10° cells. Assuming that 
the change in numbers of packed cells 
was due to change in volume only, the 
the normal trout, 
if changed in volume like those in the 


a red count of 


31.8; 


cells. 


tion, and 


cells in 


chromium-exposed fish, would cause a 


rise in hematocrit from 31.8 to 38.9 
Thus the increase in cell volume could 
account for 59 per cent of the total 


rise in hematocrit. 

If the cell number increased by 
1.40 10” cells per 100 ml of blood 
and, as calculated there are 
10° cells per ml of packed cells, 
then the increase in number could ac- 
count for 4.9 ml per 100 ml of packed 
cells or 41 per cent of the increase in 
hematocrit. Since these percentages 
were calculated from means, the stand- 
ard error of these means must be kept 


above, 
2 85 > 
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in mind when contemplating these re- 
sults. 

Neither a rise in blood volume nor 
a decrease in plasma volume, which 
must with an increased hema- 
toerit, could be to oceur by 
statistical the blood 
However, in 
all cases there was a tendency for the 


oceur 
shown 
examination of 
and plasma volume data. 


plasma volume to be decreased in fish 
(24.4 per cent 
and 28.7 per cent for 
fish). This plus the 
tendency for the blood volume to be 
rather than increased (7.4 
per cent in intact and 18.2 per cent in 
splenectomized fish) would indicate the 
rise in hematocrit as the result of ex- 


exposed to chromium 
for intact fish 
splenectomized 


decreased 


posure to chromium was accompanied 
by an unmeasurable decrease in plasma 
volume. 

Lastly, the data in Table I indicate 
that the presence of the spleen is not 
necessary and not contribute to 
the increase in hematocrit under chro- 
mium stress since significant 


does 


increases 
were noted in both intact and sple- 
nectomized trout. 

Irving, Black, and Safford (8) found 
that rainbow trout erythrocytes would 
swell from 1 to 21 per cent, averaging 
10 per cent, when subjected to tensions 
of carbon dioxide above 10 mm Hg. 
This swelling was reported to be more 
intense than would be expected if the 
carbon dioxide tension was the only 
variable which determined the volume 
change. In the experiments reported 
herein, carbon dioxide in the aquaria 
water was determined graphically (9) 
using measurements of the alkalinity 
and pH and never detected in 
measurable amounts. It was assumed 
that carbon dioxide was not allowed to 
build up to any appreciable extent in 
the blood of the experimental fish and, 
therefore, was not a factor causing an 
increase in size of the red blood eells. 

Another cause of an increase in cell 
volume could be the affinity of the 
erythrocytes for chromium. If the 
chromium enters the red cell, the os- 
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motic concentration might be altered 
sufficiently to cause water to be drawn 
into the eell. Since the molecular 
form of the chromium complex in the 
blood and in the red blood cell is un- 
known, calculation of the amount of 
chromium necessary to change the os- 
motic pressure in such a way as to 
cause this increase in volume was not 
possible. 


Hematocrit and Time 


During collection of the data that 
appear in Table I it was noticed that 
hematocrit determinations made in 
conjunction with the blood volume 
measurements on splenectomized fish 
were consistently higher than other 
hematocrit measurements of similar 
fish. The only difference in the two 
determinations was that the blood for 
hematocrit, cell counts, and hemoglo- 
bin was drawn immediately after the 
fish were anesthetized; whereas, the 
blood used in the hematocrit for the 
blood volume measurement was ob- 
tained 10 min after 0.012 ml of T-1824 
had been injected into the heart, or ap- 
proximately 12 min after the fish were 
anesthetized. Those hematocrits taken 
immediately are designated as hemato- 
crits at Timep and those taken 10 to 
12 min after anesthetization as hema- 
tocrits at Timeyo in Table II. Two ad- 
ditional groups (sham operated fish 
and splenectomized fish with no injec- 
tion of T-1824) were added to check 
the effect of the dye injection and the 
operative procedure on the rise in 
hematocrit. 

Significant differences occurred in 
the Timey and hematocrits from 
fish which had been splenectomized ; 
whereas, intact fish showed only slight 
changes with no statistical evidence of 
a difference. Under these conditions 
the spleen, rather than adding erythro- 
cytes to the circulating blood, actually 
acted as a buffer against sudden hemo- 
concentration. This function is lim- 
ited, as evidenced by the tendency of 
the hematocrit to increase in all groups 
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TABLE Il.—Mean Value of Hematocrit of 
Rainbow Trout Taken Immediately and 10 
to 12 Min After Anesthetization 


Hematocrit 
Treatment of Trout 2 
Timeo Timeio 

Intact—clean tap water 31.8 35.0 3.2 
Intact—20 mg/I Cr 43.8 46.3 2.5 
Splenectomized—clean tap 
_ water 28.5 | 36.6 8.1 
Splenectomized—20 mg/1 Cr 40.6 44.9 4.3 
Splenectomized—clean tap 

water* 28.5 34.9 6.4 
Sham operated-clean tap | 

water | 33.6 358 | 2.2 


* No T-1824 injected. 


shown in Table II, even though this 
increase cannot be verified by statisti- 
cal methods. 


Buffering Action 


Other evidence of the limited na- 
ture of this function is the significant 
increase in hematocrit in both intact 
and splenectomized fish exposed to 
chromium, which would indicate the 
complete overwhelming of the buffer 
capacity of the spleen due to pro- 
longed potassium chromate stress. 

This buffer function of the spleen 
against sudden hemoconcentration is 
somewhat surprising in light of ex- 
periments reported by Hall (10) and 
Hall et al. (11). They found that 
anoxic stress caused a contraction of 
the spleen in fish and that hemocon- 
centration occurred under these con- 
ditions. Since the present work was 
primarily aimed at answers to toxicity 
investigations, and since this limited 
buffer action of the spleen did not in- 
fluence the results under chromium 
stress, further investigation into splenic 
function was not undertaken. It is 
of interest to note, however, that 
Yoffey (12) reported the spleen of all 
fishes he examined histologically had 
no muscular tissue and only a few 
elastic fibers. 


Potassium Effects 


The results so far have been ex- 
pressed in terms of milligrams of 
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chromium ion per liter of water even 
though the chromium used through- 
out this work was in the form of po- 
tassium chromate. Since potassium 
chromate does contain substantial 
amounts of potassium ion, a further 
study was necessary to consider its 
effect on the foregoing results. 

The fish used in this potassium ion 
experiment had been kept in concrete 
tanks and fed trout pellets prior to 
the time of arrival at the laboratory ; 
whereas, all other fish used were taken 
from holding ponds. New control and 
chromium-exposed values of the hema- 
tocrit were determined and compared 
with data from 10 fish which were 
exposed to a potassium chloride solu- 
tion having a concentration of 29.8 
mg/l of K. This concentration of po- 
tassium ion in the potassium chloride 
solution was equal to its concentration 
in the potassium chromate solution. 

Once again, by t-test, the chromium- 
exposed fish showed a significant in- 
crease in hematocrit; however, there 
was no evidence of a difference be- 
tween potassium chloride-exposed fish 
and the and the chromium- 
exposed fish. The variance (85.55) of 
the data from potassium chloride-ex- 
posed fish was significantly higher than 
that for the normal controls (13.77) 
and it was assumed that this was an 
indication of a state of change. Data 
from fish exposed to 6.6 mg/l of Cr, 
the lowest concentration of chromium 
measured that would increase the 
hematocrit to a maximum of 43.8, also 
had a variance (258.75) significantly 
different from that for normal controls 
(Table III). Perhaps this increase 
in variance of samples can be expected 
at concentrations which are just strong 
enough to cause an increase in hema- 
tocrit in only some of the fish. If 
this is true, then the potassium ion, 
in addition to the chromium, is a po- 
tential influence on the results ob- 
tained with potassium chromate solu- 
tions containing 20 mg/l of Cr. This 
may also partially explain why po- 
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tassium chromate is considered to be 
more toxic than sodium chromate. In 
addition, it questions the practice of 
thinking in terms of chromium ion 
concentrations alone when testing such 
compounds as potassium chromate, es- 
pecially at the high concentrations in- 
volved in acute studies. 


Significant Chromium Concentration 


Having demonstrated that the hema- 
tocrit was significantly increased in 
fish exposed to potassium chromate 
containing 20 mg/l of Cr, it was then 
undertaken to determine the lowest 
concentration of chromium at which 
this change took place. The results are 
shown in Table III. 


TABLE III.—Mean Hematocrits of Rainbow 
Trout Exposed to Different Concentrations 
of Potassium Chromate 


No. of Fish | | | 
| 318 1.39 
8 | 05 26.7 2.67 
10 | 1.4 39.3 1.47 
9 | 66 | 438 5.08 
10 200 | 438 | 1.56 


The data show that the hematocrit 
begins to be affected at concentrations 
of the order of 2 to 4 mg/l of Cr. This 
information should be of great interest 
to the stream pollution biologist since 
the 24-hr TL,, was found to be 100 
mg/l of Cr, yet at these very low con- 
centrations changes in the physiology 
of the blood do oceur. 

Since the determination of the hema- 
tocrit is a very simple procedure re- 
quiring a minimum of equipment, it 
would be well worth the investigation 
to determine whether this rise in hema- 
tocrit could be used as an index of 
chronic toxicity in much the same way 
as the TL, is used as an index of 
acute toxicity. It would first have to 
be established whether an _ increased 
hematocrit is a general response to a 
non-specific stress or a specific response 
to potassium chromate. 
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Summary 


The 24-hr median tolerance limit of 
trout to KoCrO, in a concentration ex- 
pressed in mg/l of Cr is 100. The 
hematocrits of both splenectomized and 
intact fish exposed to 20 mg/l of Cr 
were significantly higher than control 
fish in clean tap water. Exposure of 
fish to as low as 2 to 4 mg/l of Cr was 
found to raise the hematocrit to its 
maximum value. This rise in hemato- 
erit can be accounted for by an in- 
crease in cell number, cell volume, and 
a probable, but unproven, decrease in 
plasma volume. The presence of the 
spleen was found to have no influence 
on the rise in hematocrit under chro- 
mium stress; in fact, the data indicate 
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the spleen may act weakly as a buf- 
fer against sudden hemoconcentration. 
The potential influence of the potas- 
sium ion in the KgCrO, on the experi- 
mental results is discussed. 
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INDUSTRIAL UTILIZATION OF MUNICIPAL 
WASTEWATER * 


By C. H. Conneuu Anp E. J. M. Bere 


Respectively, Professor of Sanitation and Contract Research Associate, Department of 


Preventive 


Medicine and Public Health, University of Texas Medical Branch, 


Galveston, Tex. 


Increased water demands in areas 
of limited or declining supplies are 
causing many industries to look at 
treated sewage as a possible solution 
to their water problems. In_ the 
United States industrial use of munici- 
pal wastewater constitutes approxi- 
mately one per cent of the total avail- 
able. The potential use possibly is as 
high as 25 eent. Ordinarily, an 
industry the lowest-cost water 
supply which will satisfy its require- 
But fewer than 25 industrial 


per 


uses 


ments. 


plants have discovered that a sewage 
treatment plant effluent is a supply of 


choice. In a few instances such choice 
was a last resort. In most eases the 
choice was made after a careful evalu- 
ation of all other possible sources on 
the bases of dependable quantity, uni- 
formity and acceptability of quality, 
availability and accessibility, treata- 
bility, total costs, and over-all com- 
munity water needs. 


Practice 


The reports of studies on wastewater 
reclamation by Merz et al. (1) (2) (3) 
give references and some detail on 
probably all the major instances of 
direct utilization of municipal waste- 
water in the U.S. Extensive informa- 
tion is also included on agricultural 
and recreational use of municipal 
wastewater and on reuse of industrial 
wastewater. These studies plus studies 
by Gotaas et al. (4)(5) and Bush et 

* Presented at the 13th Industrial Waste 


Conf., Purdue University; Lafayette, Ind.; 
May 5-7, 1958. 


al. (6) constitute basic reference ma- 
terial for anyone interested in recla- 
mation and reuse of wastewater. 

In the preparation of this paper the 
authors have drawn heavily on infor- 
mation given in publications referred 
to above. Supplementary information 
has been procured by visits to six of 
the industrial plants now practicing 
wastewater utilization and visits to 
numerous sewage treatment plants 
that are potential sources of industrial 
water. Also, questionnaires concern- 
ing industrial use of sewage treatment 
plant effluents were sent to 26 state 
pollution control agencies, 20 munici- 
palities, 6 industrial plants, and 2 
engineering firms. The gratifying, 80- 
per cent response to the questionnaires 
revealed only one unreported case of 
utilization and two contemplated cases. 
Representatives of most of the state 
agencies reported no need for indus- 
trial use of treatment plant effluents. 
The enthusiastic responses by repre- 
sentatives of municipalities and indus- 
tries indicates a much greater poten- 
tial, however. 


Usage 

Users 

Industrial use of sewage treatment 
plant effluents is summarized in Table 
I. The 75 to 118 mgd used for proce- 
essing and cooling at the Bethlehem 
Steel Company’s Sparrows Point, Md., 
works constitutes approximately 90 
per cent of the total quantity used. 

Approximately 6 mgd is used for 
boiler- and cooling-water purposes at 
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TABLE I.—Industrial Users of Sewage Treatment Plant Effluents 


User Source of Effluent Use 


| Quantity 
(mgd) 


Bethlehem Steel Co., Sparrows | Baltimore Back River 
| treat. plant | cooling 
Kaiser Steel Co., Fontana, Calif. Plant sanitary treat. plant | Processing 
Plant sanitary treat. plant 


Point, Md. 


Columbia-Geneva Steel Co., 
Provo, Utah 


Los Alamos Scientific Laboratory, | Los Alamos treat. plant | Cooling 


Los Alamos, N. Mex. 
Grand Canyon National Park 
Southern Nevada Power Co., 

Las Vegas, Nev. plant 
California Electric Power Co., 

San Bernardino, Calif. 
Cosden Petroleum Corp., Big 

Spring, Tex. 


Texas Company, Amarillo, Tex. Amarillo reclamation plant | Cooling and boiler 


E] Paso Natural Gas Products 
Co., Odessa, Tex. 

Champlin Refining Co., 
Enid, Okla. 


Kennecott Copper Corp., Santa Santa Rita treat. plant 


Rita, N. Mex. 


Kennecott Copper Corp., Hurley, | Hurley treat. plants of 3 Copper recovery 


N. Mex. towns 


Kennecott Copper Corp., Hayde, | Hayde treat. plant 


Ariz. 


Bagdad Copper Co., Bagdad, Ariz. | Bagdad treat. plant 
Inspiration Consolidated Copper Inspiration treat. plant 


Co., Inspiration, Ariz. 


Miami Copper Co., Miami, Ariz. Miami treat. plant 
Morenci, treat. plant 


Phelps Dodge Corp., Morenci, 
Ariz. 


St. Anthony Mining and Devel- | Tiger treat. plant 


opment Co., Tiger, Ariz. 


Park treat. plant Cooling 
Las Vegas County treat. Cooling 


San Bernardino treat. plant | Cooling 


Big Spring treat. plant 


Odessa treat. plant 


Enid treat. plant 


Processing and 


Processing 


Boiler water 


| water 

| Cooling and boiler 

| water 

Cooling and boiler 
water 

| Copper recovery 


Copper recovery 


Copper recovery 
Copper recovery 


Copper recovery 
Copper recovery 


| Copper recovery 


* As supplementary water in water reuse systems. 
+ Water taken from canal in which treated sewage comprises about 4 the total flow. 


four refineries, and a butadiene and 
styrene plant. The most recent case 
of utilization is at the Odessa, Tex. 
plants of the El Paso Natural Gas 
Products Co. Here, utilization started 
in August 1957. 

At Los Alamos, N. Mex., treated 
sanitary wastewater has been success- 
fully used for power-plant cooling 
since 1951. Similar use of the Las 
Vegas County, Nev., treatment plant 
effluent started in February 1957. 
Originally, 0.9 mgd was used. Cur- 
rently, 1.7 mgd is being used and an 
ultimate use of 5 mgd is anticipated. 


Reasons for Use 


At the Kaiser and Columbia-Geneva 
steel plants and at a number of copper 
refineries, sewage treatment plant ef- 
fluents serve as small but valuable 
supplementary supplies. At the other 
plants cited in Table I, with the pos- 
sible exception of the Texas Com- 
pany’s Amarillo plant, sewage treat- 
ment plant effluents were the cheapest, 
adequate water supply. 

The Odessa, Tex., treatment plant 
effluent was the only adequate source 
for the plants of the El Paso Natural 
Gas Products Co. Treated sewage was 
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also the only adequate water source for 
the Cosden Petroleum Corp. refinery 
at Big Spring, Tex. This refinery 
started using treated sewage in 1943 
for cooling and boiler water make-up. 
However, the cooling water usage at 
Cosden was discontinued two years ago 
when the phosphate content of the 
sewage effluent had risen so high that 
it became more satisfactory and eco- 
nomical to use water from the new city 
supply. 

The decisions to use treated sewage 
for cooling water at the Los Alamos, 
N. Mex., and the Las Vegas, Nev., 
generating stations were based on wa 
ter conservation needs and water costs. 
At Los Alamos, the capital saving was 
estimated at $150,000 and the annual 
saving is $20,000. 

The report by Wolman (7) delin- 
eates the considerations given to all 
possible sources of water prior to the 
decision of the Bethlehem Steel Co. 
to use Baltimore’s treatment plant ef- 
fluent. By far, this effluent proved to 
be the lowest-cost, best-quality water 
available in sufficient quantity. Re- 
cent observations by Merz (2) on costs 
of the effluent as compared with costs 
of water available from the Baltimore 
city supply show why Bethlehem Steel 
has extended effluent use from the 
original figure of 50 mgd to more than 
100 mgd. Bethlehem Steel pays ap- 
proximately $10/mil gal for the efflu- 
ent. City water would cost more than 
$100/mil gal. The $10/mil gal Balti- 
more receives for the effluent defrays 
all but 30 per cent of the City’s cost 
of sewage treatment, exclusive of 
capital costs. 

At Amarillo, the estimated cost to 
the Texas Company of 1.5 mgd of 
treated sewage was at the rate of $133/ 
mil gal (8). This rate was to pay 
for the additional plant construction 
necessary to provide reclaimed water 
to meet Company criteria, a 10-mi 
transmission line, and pumping fa- 
cilities. Out of the charge of $133/ 
to be applied to 


mil gal, $37.50 was 


SEWAGE AND INDUSTRIAL WASTES 


February 1959 


the cost of sewage treatment plant op- 


eration. At that time, Amarillo had 
enough fresh water to supply the 
Texas Company at approximately the 
same price it asked for treated sewage. 
In addition, the city water would have 
cost less for final processing and use. 
Nevertheless, the conservation of fresh 
water for future needs dictated the 
decision to reclaim the municipal 
wastewater for industrial use. 

In 1942, the only water available for 
an essential plant expansion by the 
Champlin Oil and Refining Co. was 
the effluent from the overloaded Enid, 
Okla., sewage treatment plant. This 
apparently was the first use of treated 
sewage as cooling water. Actually, a 
mixture of effluent and raw sewage 
was used until Enid completed a new 
sewage treatment plant in 1954. The 
and difficulties prior to 1954 
admittedly were high but were deemed 
entirely justifiable. 


costs 


Effluent Quality 


The additional treatment that must 
be given to treated sewage to make it 
suitable for certain industrial uses has 
been demonstrated to be only slightly 
different than the treatment that 
would be required if drinking water 
were used for the same purpose. 
Heavier chlorination for disinfection 
and stabilization has been essential. 
Impounding for storage has given ad- 
ditional stabilization. The high phos- 
phate and silica content has necessi- 
tated a higher degree of softening 
treatment in some instances. The 
presence of synthetic detergents has 
inhibitory effects on cold coagulation 
and softening processes, and has neces- 
sitated greater use of anti-foam agents 
in boilers. The presence of ammonia, 
phosphates, and organie matter has 
given concern about possible increased 
biological growths in cooling systems, 
but no serious adverse experience has 
been reported. 

At Baltimore, the Bethlehem Steel 
Co. provided facilities to remove sus- 
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TABLE Il. Treatment Plant Effluent 


Location of Plant 


Constituent 


Amarillo, Tex. 


| Los 
Odessa, Tex. | (ioe, | 


Enid, Okla. 


Total solids (mg/l) 
Suspended solids (mg/]) | 22 
Chloride as Cl (mg/1) 100 to 115 
Sulfate as SO, (mg/l) 65 


Alk. as CaCO; (mg/]) 210 to 300 
Tot. hard. as CaCO; (mg/1) 220 to 270 
Silica as SiO. (mg/]) 35 to 75 
Phosphate as PO, (mg/I) 10 to 35 
Ammonia nitrogen (mg/I) Oto 32 
Nitrate nitrogen (mg/l) Oto 30 
BOD (mg/l) 2to 66 
pH 7 to 7.9 


pended solids by coagulation and sedi- 
mentation, but such treatment seldom 
has been necessary (2)(7). Present 
treatment includes only chlorination 
and plain sedimentation. The re- 
quired chlorine dosage has been as low 
as 2.2 mg/1. 

Quality characteristics of the Ama- 
rillo, Los Alamos, Odessa, Enid, and 
Las Vegas County treatment plant ef- 
fluents are listed in Table II. The 
principal water treatment processes 
used in conditioning these various ef- 
fluents for boiler- and cooling-water 


TABLE III.—Treatment Required Prior to 
Boiler-water Use 
Cosden El Paso 
Texas Petrol. | Natural 
Co. Re- Corp. | Gas 
l'reatment finery, | Refinery, | Prod. Co. 
Amarillo, } Big | Plants, 
Tex. | Spring, | Odessa, 
| Tex. | Tex. 
Chlorination | Yes | Yes Yes 


Impounding for | 
storage and | 
stabilization Yes Yes Yes 

Hot lime or hot 
lime and soda 


ash Yes | Yes Yes 
Hot sodium zeolite Yes | No Yes 
Hot hydrogen | 

zeolite No | No Yes 
Anti-foam agent 

added — Yes -- 


1,012 to 1,564, — 700 to 900 st to 1 ,026 


| 
| 
a 
12to 44 | 25 | 50to 75 
325 | — | 225 to 300 94 ti to 154 
350 | — 75 329 to 391 
270 to 480 150 | 400 to 500 ~= 
400 40 150 to 250 | 400 to 476 
10 to 40 60 30 18 to 33 
75 to 110 15 | 40 | 6 to 18 
10 to 12 3 — 
5to 29 20 70 to 90 | 10to 30 
7.5 to 8 8.4 - 


make-up are outlined in Tables LIl 
and IV. 

The treatment processes at Los 
Alamos have been the least involved 
and perhaps the most suecessful. 
Here, the effluent is used for five 
cycles in the cooling water system. 
At the Las Vegas Co. installation only 
two to three cycles can be carried be- 
cause of the hardness and phosphate 
build-up. Softening of this water is 
being considered. 

At Los Alamos, the excellent control 
of corrosion and scaling is attributed 
to the uniformly high quality of water 
supplied from the well-operated sew 
age treatment plants and to the close 
control of chemical dosages to the 
cycle water. No significant corrosion 
of the 90-10 Cu-Ni condenser tubes has 
resulted in five years of operation 
(Figure 1). Test strips of admiralty 
metal and 90-10 Cu-Ni have shown 
penetrations of from 0.0004 to 0.0008 
in./yr. Algae control in the cooling 
towers also has been excellent. No 
chlorine residual is maintained in the 
water but every 8 hr a single, large 
slug of chlorine is applied. Algae con- 
trol is attributed also to a practice of 
shutting off each cooling tower for a pe- 
riod of 2 hr each week. During this 
2-hr period the cooling tower cell is 
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TABLE IV.—Treatment Required Prior to Cooling-water Use 


El Paso 
Natural Gas 
Prod. Co. 
Plants, 
Odessa, Tex. 


Texas Co. 
Refinery, 
Amarillo, Tex. 
Chlorination 
Impounding for storage 
and stabilization 
Cold lime softening or 


lime and soda ash Lime & soda 


Alum Ye 
Yes Ye 
Sodium zeolite No Ye 
Hydrogen zeolite No Ye 


Filtration 


Seale and/or corrosion 
control chemicals 
Chlorination for slime 

control 
Other slime control 
chemicals 


open to the beneficial effects of the 
New Mexico sunshine (Figure 2). 

In the design and construction of 
the water reclamation and 
treatment plant at Amarillo, consider- 
ation was given to facilities for pro- 
ducing an effluent of low ammonia 
content. To this end, chlorinators 
were for adding sufficient 
chlorine to remove all of the ammonia 
8), but their use for such treatment 
has not been necessary. No difficulties 
have attributed to ammonia in 
the water. As a matter of fact, am- 
monia in the boiler water has been of 
some combating 


sewage 


provided 


been 


assistance in eon 
densate-line corrosion. 

Residual detergents in the water 
have produced foaming in the cooling 


towers. The maintenance of chlorine 


FIGURE 1.—Cu-Ni condenser tube after 
five years of use, Los Alamos, N. Mex. 


Yes 


Yes 


Lime 


February 1959 


| | 

Champlain | Southern Nev. 
Ref. Co. | Power Co. 
Refinery, | Power Plant, 

Enid, Okla. Las Vegas, Nev. 


Los Alamos 
Scientifie Lab. | 
Power Plant, 
Los Alamos, 

N. Mex. 


No 


Yes 

No Yes 

(Softening 
contem- 
plated) 


Lime 


No 
No 


Yes 


Bromine Yes 


Yes 


residuals of from 1 to 5 mg/l] in the 
cycle water has aided foam control. 
Shght over-treatment of the water by 
the cold lime-soda process has been 
required to reduce the hardness and 
phosphate content to a level satisfac- 
tory for use as cooling water. Hot 
lime-soda and hot zeolite treatment is 
required for the boiler-water make-up. 

At the Cosden Refinery, the Big 
Spring, Tex., sewage treatment plant 
effluent is used for make-up for boilers 
operating at 175 psi. Hot lime-soda 
softening, hot phosphate treatment, 
and filtration through an anthracite 
filter produce a high quality water. 
However, it is necessary to use an anti- 
foam agent at a fairly high rate. 

The phosphate and detergent con- 
tent of the Odessa, Tex., sewage efflu- 
ent and the high hardness and solids 
of the city water made it necessary 
for the El Paso Natural Gas Products 
Co. to develop very elaborate systems 
of water treatment. For cooling wa- 
ter and make-up for 175-psi boilers the 
following system of treatment is used: 
cold excess-lime and alum treat- 
ment in a 65-ft diameter softener- 
elarifier (Figure 3); (b) filtration 
through horizontal pressure filters 


(a) 
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FIGURE 2.—Top of cooling 


(Figure 4); and (c) split sodium and 
hydrogen zeolite treatment to give de- 
sired additional softening, alkalinity 
and solids reduction, and control of 
pH (Figure 4). 

For feedwater for 250-psi boilers a 
hot system is used which includes 
excess lime-soda, sodium aluminate, 
hot filtration, and hot sodium and hy- 
drogen zeolite treatment (Figure 5). 
In the cold process, the removal of 
calcium, magnesium, and alkalinity is 
something less than theory calls for, 
but phosphate is removed readily. In 
the hot process, reactions are rapid 
and complete except with silica, which 
is difficult to reduce to less than 5 


cell, Los Alamos, N. Mex. 


mg/l. Excellent exchange rates are 
obtained in the sodium and hydrogen 
zeolite units. 

At the Champlin Refinery, Enid, 
Okla., cold lime is used to render the 
treated sewage satisfactory for use as 
cooling water. The primary object of 
the treatment is to lower the phos- 
phate content. This is reduced from 
40 to approximately 5 mg/l. Also, 
total hardness is reduced from 250 to 
approximately 120 mg/l. Break-point 
chlorination of the cooling water was 
tried with variable success and was 
discontinued as non-justifiable. Bro- 
mine has been used more successfully. 
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FIGURE 3.—Cold-lime softener, E] Paso Natural Gas Products Co. plant, Odessa, Tex. 


FIGURE 4.—Horizontal filters, sodium and hydrogen zeolite units, and hydrochloric acid 
storage, El Paso Natural Gas Products Co. plant, Odessa, Tex. 
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FIGURE 5.—Bulk lime storage, hot-lime softener, and hot-sodium and hydrogen zeolite 
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units, El] Paso Natural Gas Products Co. plant, Odessa, Tex. 


Health Factors 


No adverse health effects have been 
observed in the industrial use of 
treated sewage. Heavy chlorination 
is applied regularly for stabilization 
and disinfection effects. Surviving 
pathogens are reduced by subsequent 
storage and hot lime treatment. In 
all instances precautions are taken to 
prevent the interconnection of the in- 
dustrial water supply with the drink- 
ing water supply. 


Conclusions 


Experience to date indicates that 
municipal wastewater can and should 
be given more consideration as a pos- 
sible source of industrial water sup- 
ply. Such consideration will lead to 
increased industrial use of municipal 
wastewater, especially in areas where 
competition for water is increasing. 
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THE OPERATOR’S CORNER 


A REVIEW OF SLUDGE DIGESTION * 


By Groree T. LOHMEYER 


Superintendent, University of Florida Sewage Treatment Plant, Gainesville, Fla. 


With few exceptions, the anaerobic 
sludge digestion process is employed 
today in almost every sewage treatment 
plant, regardless of the plant size or 
complexity. And also, with few ex- 
ceptions, the average sewage treatment 
plant operator today does not fully 
respect and appreciate the biological 
miracle occurring in the digester until 
it becomes sick or approaches the acid 
stage. That digesters have occasionally 
become sick is not amazing. What is 
amazing is that even more digesters 
have not become sick in view of the 
‘‘pump it to the digester’’ theme fol- 
lowed in so many plants. 

It is perhaps unfortunate that a 
digester cannot possess the natural 
beauty of a trickling filter’s surface 
expanse of green algae, or, for that 
matter, the movement of an activated 
sludge aeration tank. The action in a 
digester, being largely hidden, is too 
often forgotten. Even to a_ plant 
visitor the operator of a trickling filter 
or an activated sludge plant can easily 
display the remarkable solids removal 
obtained by the process. However, 
when it comes to the digester, discre- 
tion dictates that the raw material be 
only mentioned, not viewed. 

Operators sometimes fail to appreci- 
ate the economy of their digester op- 


* Presented at the 26th Annual Short 
School for Water and Sewage Works Op- 
erators; University of Florida, Gainesville, 
Fla.; June 2-7, 1958. 


eration. In the activated sludge proc- 
ess vast quantities of air must be sup- 
plied to maintain aerobic conditions 
and for mixing purposes. In trickling 
filters a considerable head loss is in- 
herent to the process. On the other 
hand, in an open digester, the essential 
features are a concrete tank with rela- 
tively minor mixing facilities. For 
this reason, on a pound-for-pound basis 
of treating sewage solids, a digester 
ean do the job considerably cheaper. 


Theory 

What happens in a digester biologi- 
cally, has been occurring for ages on 
the bottoms of lakes and ponds. There, 
in an environment in which oxygen is 
absent, organic sediment is used as a 
food souree by naturally forming 
anaerobic organisms. In the process 
‘‘marsh gas’’ or methane is formed 
and rises to the surface of the water 
leaving on the bottom a mineralized 
residue of organic matter. 

There is considerable material in the 
literature on man’s attempts to dupli- 
cate this plan of nature in the anaer- 
obic digester. Nevertheless a great 
deal more must be learned before the 
biological reaction which converts 
highly complex organic matter into 
such simple gases as methane and car- 
bon dioxide is fully explained. 

In reference to this process Blood- 
good (1) has concluded that a mixed 
culture of microorganisms probably is 
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required and that the methane formers 
are not necessarily those which attack 
the complex organic solids. Sawyer 
and others (2) explain that satisfac- 
tory digestion ‘‘depends upon having 
two totally different groups of bac- 
teria living harmoniously in the same 
environment.’’ They divide these or- 
ganisms into: (a) the saprophytie or- 
ganisms, and (b) the methane formers. 
The first group attacks such complex 
organic compounds as fats, carbohy- 
drates, and proteins, and converts them 
into more simple organic compounds. 
Some of the first group are acid 
formers which produce such com- 
pounds as acetic and propionic acids. 
The second group, the methane for- 
mers, are reported to be capable of 
utilizing the acid and other products 
of the first group. The saprophytic 
organisms also increase in numbers 
more rapidly than the methane for- 
mers. 

Regarding the characteristics of 
methane formation in the sludge di- 
gestion process Buswell (3) has con- 
cluded that the ‘‘microscopic and sub- 
culture studies of this fermentation 
[methane] reveal such a mixed and 
variable flora that it appears at pres- 
ent [1954] to be environment rather 
than flora which determines the re- 
sults obtained.’’ Barker (4), in 1956, 
on the same subject stated that ‘‘little 
is known about the biochemical mecha- 
nisms of methane formation.”’ 

In discussing sludge-digestion ther- 
mic reactions Phelps (5) states, ‘‘ En- 
ergy exchange is secondary and inci- 
dental and quantitatively small com- 
pared to the total work done, which 
is hydrolysis.’’ This indicates little or 
no heat is generated by the sludge di- 
gestion process in itself, and for the 
plant operator it can be considered 
neither endothermic nor exothermic. 
Rudolfs and others (6) reported in 
1929 that in an unseeded sludge diges- 
tion process the influent sludge is at- 
tacked in three overlapping stages. 
He listed these stages as being (a) in- 
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tensive acid production, (b) acid di- 
gestion, and (c) intensive digestion of 
the more resistant materials. 

In the first stage it was found that 
sugars, soluble starches, cellulose, and 
soluble nitrogenous compounds are at- 
tacked by the coliform group and by 
spore-forming anaerobes. Organic 
acids, hydrogen sulfide, large volumes 
of earbon dioxide, nitrogen, and acid 
carbonates are produced. ‘This stage 
is characterized by a drop in the pH 
value from 6.8 to 5.1. 

The organic acids produced in the 
first stage, together with certain ni- 
trogenous compounds, are utilized by 
organisms (then undetermined) in the 
second stage. This stage results in a 
gradual rise in the pH value from 5.1 
to 6.6 or 6.8, as the rate of the diges- 
tion process increases, and is revealed 
by increased foaming. The products 
of the second stage are acid carbonates, 
ammonia compounds, and gases which 
consist of carbon dioxide, nitrogen, and 
small quantities of hydrogen. 

In the same report it was determined 
that in the third and final stage, the 
more resistant materials are attacked. 
These compounds consist of proteins, 
amino acids, fats, and possibly lingo- 
cellulose, and are attacked by spore- 
forming anaerobes and fat-splitting or- 
ganisms. The final stage produces 
such compounds as ammonia and 
other protein degradation products, 
organic acids, and large volumes of 
gas consisting of a high percentage of 
methane and smaller quantities of 
carbon dioxide and nitrogen. With a 
gradual rise in the pH value from 6.0 
to 7.4, a digested sludge is produced 
which is suitable for disposal. 

An operator who has no concept of 
the obnoxiousness of an acid or sick 
digester might profit by placing a 
large beaker of raw sludge in a remote 
area of the plant to undergo the suc- 
cessive stages of digestion described 
by Rudolfs. The proper operation of 
a digester will maintain the entire 
tank contents in the chemical, physi- 
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eal, and biological conditions of the 
final or alkaline stage. 


Objectives of Sludge Digestion 


Raw sewage sludge is one of the 
most obnoxious and hazardous ma- 
terials encountered in the treatment 
process. The difficult aspects of raw 
sludge stem from its water-binding 
qualities, bulk, oxygen demand, and 
the disease and odor-causing organisms 
and substances it contains. The pur- 
pose of sludge digestion is to overcome 
each of these objectionable character- 
istics. To this end it endeavors to: 


1. Alter the water-binding character- 
istics so that rapid dewatering will re- 
sult. 

2. Reduce the initial bulk for eco- 
nomical solids handling. 

3. Destroy pathogenic organisms for 
health protection. 

4. Stabilize a sufficient fraction of 
the organic solids so that noxious odors 
will not be produced. 

5. Recover the methane gas and di- 
gested sludge as usable by-products. 


In attaining the objectives of proper 
sludge digestion, so many variables 
enter the picture that an attempt to 
establish a standard operational pro- 
cedure would be futile. No two sew- 
ages, no two sewage treatment plants, 
and no two plant operation techniques 
ean possibly be identical. In spite of 
these variables, however, certain basic 
principles can be established which 
will apply to the operation of all 
sludge digesters, regardless of their 
design. 


General Principles 


The sludge digestion process is one 
of life, of countless billions of anaer- 
obie organisms living in one environ- 
ment. No single group of organisms 
predominates—in fact, a highly mixed 
culture of organisms is essential. For 
life there must be food at the proper 
time, in the proper quantity, and of 
the proper composition. The food 
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must be mixed with the digester con- 
tents so that the organisms can satisfy 
their food requirements, and at the 
same time, the total volume of the tank 
must be fully used. Furthermore, the 
organisms must multiply, for without 
the young of a species progress is im- 
possible. 

To induce a beneficial bacterial re- 
productive rate, the correct environ- 
ment must be maintained. This re- 
quires the proper temperature, the 
necessary alkaline buffering substances, 
and the absence of high volatile acids, 
which retard the work of the tempera- 
mental methane-forming organisms. 
Further, this environment must be uni- 
form. There should be no dead spaces, 
inert layers of bottom grit and sand, 
or excessively thick top layers of acid- 
forming scum. Both scum and grit re- 
duce materially the efficiency of the 
organisms. To insure the existence of 
a healthy community of organisms, 
there must be a timely and regular re- 
moval of supernatant. The bottom 
digested sludge must be withdrawn in 
the right quantity at proper intervals. 
An over-withdrawal can result in the 
acid-forming organisms predominating. 
In brief, the conditions in a digester, 
whether they are good or bad, are a 
result of the treatment and care given 
the organisms by their custodian, the 
plant operator. 


Raw Sludge 


The operation of a digester starts in 
the primary sedimentation tanks and 
the improper operation of these units 
ean adversely affect the digestion proc- 
ess. Digester organisms prefer sludge 
that is as fresh as possible because the 
effect of acid sludge can be overcome 
only by holding the sludge for a longer 
period in the digester. Digester ana- 
erobes also perform best if they are fed 
small amounts of sludge at frequent 
intervals. They do not flourish on large 
quantities fed infrequently. Their 
food requirements are best served by a 
relatively continuous feeding schedule. 
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The lack of septicity and frequent 
sludge pumping are the two require- 
ments for digester influent solids that 
must be satisfied by efficient operation 
of primary clarifiers. Low solids-re- 
moval efficiencies in primary settling 
tanks have been traced to excessively 
long periods between sludge pumpings, 
during which gas-laden solids rise to 
the surface of the tank and pass over 
the effluent weirs. 

Another cause of acid sludge, espe- 
cially in warm climates, is excessive 
detention time within the collection 
system, caused by a generally flat to- 
pography. Where such conditions ex- 
ist, and raw septic sludge, which is nor- 
mally alkaline, is pumped to a digester, 
a serious burden is placed on the diges- 
tion Therefore, a digester 
loaded with septic sludge will appear 
to be overloaded before the design 
loading is reached. 

Digesters will also develop symp- 
toms of overload if the raw sludge is 
too watery when pumped. The exces- 
sive water dilutes the alkaline digester 
liquors, decreases considerably the ef- 
fective detention period, and increases 
the sludge-pumping requirements. It 
must be removed largely as superna- 
tant. Such a practice can result in 
heavy solids concentrations in the su- 
pernatant, which if settled in the sedi- 
mentation tanks will be recycled to the 
digester. These recycled digester sol- 
ids are frequently the cause of the 
abnormally high digester solids-load- 
ing rates which have been reported. 

The disadvantage of pumping raw 
sludge containing too much water has 
been recognized in the design of large 
sewage treatment plants and has been 
remedied to some extent by the installa- 
tion of sludge-concentration tanks. 
These tanks aid in the removal of the 
excess moisture from the sludge before 
it is pumped into the digester. The 
volume reduction achieved by concen- 
trating a given quantity of sludge 
having a particular total solids con- 
centration is considerable. The rela- 
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tionship is governed approximately by 
the equation 


In which 

V, = Volume of the raw sludge; 

S, = Total solids content of the raw 
sludge (per cent) ; 

Vo = Volume of the digested sludge; 
and 

S». = Total solids content of the di- 
gested sludge (per cent). 

As an example, 4,000 gal of a sludge 
with an initial solids concentration of 


3 per cent will be reduced to 2,000 gal 
in volume if the solids percentage is 
increased to 6 per cent. Furthermore, 
if the raw sludge volume is reduced to 
this extent, the digestion period is ap- 
proximately doubled. 

In heated sludge digesters the re- 
duction of the raw sludge moisture 
content assumes an even greater sig- 
nificance since every excess gallon of 
water added must be raised to the di- 
gester operating temperature. 

Raw sludge, especially that deposited 


from sewage containing industrial 
wastes, may contain substances toxic 
to the digester anaerobes. Copper, 


eyanides, phenols, detergents, trivalent 
chromium, free acids, alkalies, and for- 
maldehyde (8), in certain concentra- 
tions, have adversely affected digester 
operation. Sulfite sulfur, in concen- 
trations as low as 50 mg/l, has been 
reported to have seriously retarded 
sludge digestion (9) and double this 
concentration has been reported to 
have practically stopped the process. 
Garland (10) reported creosote in con- 
centrations of 33 mg/] caused a serious 
decrease in digester gas production. 

Digester influent sludge is composed 
of water and volatile and non-volatile 
solids. Loading rates for digesters 
are usually computed only on the 
volatile solids component, which, for 
average domestic sewage sludge, is 


* See ref. 7. 
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about 2 to 3 per cent of the total 
weight. This method fails to consider 
the large quantities of water which 
must be pumped with the raw sludge 
in some plants because of design limita- 
tions and the nature of the wastes 
treated. Further, it fails to include 
the adverse effect of excess quantities 
of non-volatile solids, such as, for ex- 
ample, waste sludge from water treat- 
ment plants. 


Starting Digesters 


A normal alkaline digestion process 
is not always achieved easily in start- 
ing digesters. When it is feasible, the 
long acid period can be reduced con- 
siderably by ‘‘seeding’’ the tank with 
organisms and alkaline liquor from 
another properly functioning digester. 
A limitation in seeding a new digester 
is the volume of seed sludge required 
to provide worthwhile benefits. Van 
Kleeck (8) recommended a seeding 
volume of about 20 per cent of the 
tank capacity, which in large digesters 
represents a volume of sludge which 
may be impracticable to transport. 

Digesters have been started without 
seed material by limiting the solids 
loading rate and thereby preventing 
the volatile acids concentration from 
building up excessively. The optimum 
volatile acids level usually is not over 
2,000 to 3,000 mg/l as acetic acid. 
This is a realistic procedure in a new 
sewage treatment plant since a new 
installation rarely will commence op- 
eration at the design load. Backmeyer 
(11) has asserted that a digester which 
has developed volatile acids of 4,000 
mg/l or higher should be emptied and 
restarted under controlled conditions. 
The recirculation of digester contents, 
at the maximum rate, also helps ap- 
preciably in the starting of a digester. 


Sludge Mixing 
When alkaline conditions are estab- 
lished in a digester and gas produe- 


tion rates are normal, a certain amount 
of natural mixing of the tank contents 
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results. At one time this natural mix- 
ing by the rising gas was considered 
sufficient and it is still utilized to some 
extent, especially in the sphere-shaped 
digesters of German design (12). The 
proper mixing of raw sludge with the 
digesting sludge is now considered one 
of the keys to effective sludge diges- 
tion. In referring to this phase of 
digestion control Phelps (13) stated, 
‘*This balanced mixture is essential to 
carry out the complex series of chain 
reactions which characterize satisfac- 
tory operating conditions.’’ One con- 
sideration in respect to proper mixing 
is that the digesting solids should have 
a sufficient water content so that sludge 
circulation will not be impeded. 

The mixing or stirring of the solids 
is usually performed by pumps recir- 
culating supernatant or bottom sludge 
to several alternate discharge points 
in the tank above or below the scum 
blanket. A current procedure in cov- 
ered tanks is to achieve even greater 
mixing by recirculating digester gas at 
the bottom-center of the tank. Re- 
gardless of the method of mixing, the 
purpose is to seed raw solids with di- 
gesting solids. Secondary benefits in- 
clude scum control and the maintenance 
of uniform temperatures throughout 
the tank. 

In a well-loaded single-stage digester 
an overly vigorous mixing can create 
problems in withdrawing a clear su- 
pernatant and a consolidated digested 
sludge. These difficulties can be over- 
come by using a second digester. <A 
rapid biological reaction is achieved in 
the first unit by recirculation. Super- 
natant and sludge are withdrawn only 
from the secondary tank which re- 
mains relatively quiescent. 


Digester Temperature 


The effect of temperature on biolog- 
ical reactions, aerobic and anaerobic, 
is accepted as a factor of prime influ- 
ence on sludge digestion. Because the 
digestion of sludge is a biological phe- 


SLUDGE DIGESTION 227 


sy 
| 
| 
| 
iA, 
< 
} 
a 
: 
2 OF; 
: 
at 


nomenon, the rate of the reaction is 
decidedly influenced by temperature. 

The temperature at which digestion 
practically ceases has been reported by 
Phelps (13) as 50° F or slightly less. 
Bloodgood (1) was in general agree- 
ment and stated, ‘‘It has been found 
by practical experience that digestion 
does not take place at temperatures 
around 39° F.’’ Buswell (3) found 
that digestion shows an increase in 
rate when the temperature rises slightly 
above 32° F. 

Most observers agree, however, that 
two separate groups of organisms can 
be established in the digestion process, 
depending upon the temperature range. 
One group is the mesophiles, which 
perform in a wide latitude of tempera- 
tures but are thought to work best in 
the 80° to 100° F range. The thermo- 
philic temperature range, at around 
128° F, is rarely used in operation 
practice because of the difficulty of 
maintaining the higher temperatures. 
Obnoxious odors and heavy solids in 
the supernatant are secondary prob- 
lems of thermophilic digestion. 

A wide disagreement prevails on 
selecting the optimum mesophilic tem- 
perature range. Babbitt (14) reported 
satisfactory operation of a digester in 
Bury, England, which had a tempera- 
ture range of from 51° to 60° F. At 
this plant the raw solids were composed 
of domestic and trade wastes, plus 
waste activated sludge. Furthermore, 
the gas production, at this relatively 
low temperature range, averaged 0.71 
cu ft per day per capita. It was Bab- 
bitt’s belief that 85° F was the best 
practical operating temperature for a 
digester. Schlenz (15) advocated a 
temperature of 90° to 95° F, but 
stressed that this temperature must be 
uniform throughout the digestion tank. 
He also discussed the necessity for 
maintaining this temperature at a 
constant level, with a minimum of 
variation. Keefer (16) reported good 
digestion has resulted at 80° F or even 
lower. Bloodgood (1) pointed out that 
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sewage solids have been successfully 
digested at different temperatures. In 
a four-year study of an open, unheated 
sludge digester at the University of 
Florida (17), satisfactory digestion was 
achieved in a temperature range of 
from 69° to 83° F. 

Fair and Moore (18) prepared the 
following table relating the digestion 
temperature and the time of digestion 
(in days) at which time 80 per cent of 
the total volume of gas (at 59° F) is 
produced : 


Temperature Digestion Time 
(° F) (days) 
59 67.8 
68 46.6 
77 37.5 
86 33.3 
95 23.7 


Phelps (5) reported the digestion 
process is completed, for all practical 
purposes, in a period of 30 days at a 
temperature of 69° F. The over-all 
picture for the plant operator is prob- 
ably best summarized by Fair and 
Moore (18) who reported there are so 
many variables in the sludge digestion 
process that there is no exact time of 
digestion at a given temperature. 


Scum Formation 


The floating solids which inevitably 
form to some extent in all digesters, re- 
vardless of conditions, have been de- 
scribed (19) as being the ‘‘greatest 
single digestion problem.’’ Wisely (20) 
in a 1941 survey of the United States 
found that scum problems existed in 
25 per cent of the sewage treatment 
plants. Even today it is not unusual 
for plant operators to discuss at length 
digester scum control during operators’ 
forums held at short courses. 

Scum problems are more or less rou- 
tine in plants handling industrial 
wastes which contain large quantities 
of fibrous or low specific gravity ma- 
terials, such as grease. Fuhrman (21), 
however, reported digester seum depths 
of 8 to 10 ft at the Washington, D. C., 
sewage treatment plant, a plant which 
treats only domestic sewage. 
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According to Buswell (3), digester 
scum is caused by ‘‘the rising of lighter 
material to the surface, where, due to 
its own buoyancy, it lifts out of the 
liquid and becomes compact and dry.”’ 
Seum can be composed of a mixture 
of raw and digested solids, grease, 
sticks, leaves, corks, rags, hair, seeds, 
paper, and other solid material, much 
of which rises with the gas and is 
trapped within the floating scum mass. 

Scum formations more than 2 ft in 
depth are to be avoided for many rea- 
sons, but the principal concern of the 
operator is to avoid the loss of diges- 
tion capacity. A scum depth of 6 ft 
in a digester with an effective depth of 
20 ft renders 30 per cent of the di- 
gester volume totally ineffective. This 
condition in a digester loaded at its 
design capacity can result in a poorly 
defined zone of inferior quality super- 
natant. Such a tank may show all of 
the serious symptoms of an overloaded 
digester. Excessive scum blankets have 
eaused floating covers to tilt and seri- 
ous damage has resulted to the digester 
piping and structure, not to mention 
increased operation costs. Heavy scum 
formations contain large quantities of 
volatile solids and volatile acids and 
the dispersal of these compounds within 
a tank can send an already ‘‘sick’’ di- 
gester back into the dangerous acid 
stage from which recovery may be diffi- 
eult, if not impossible. 

The control of digester scum layers 
is generally accomplished by the same 
devices used in sludge-mixing—the di- 
gester recirculation system. Bottom 
sludge or supernatant is recirculated 
to points above and/or within the scum 
blanket. In this manner, active or- 
ganisms and warm alkaline liquors 
from underneath the scum are mixed 
with the floating solids. While good 
scum control has been attained by this 
procedure in numerous instances, it is 
also true that in some digesters it has 
not been successful in preventing the 
build-up of scum. Part of the diffi- 
culty has been the inability of the op- 
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erator to inspect easily the condition 
of the scum and the efficiency of the 
scum control devices. 

In open digesters some investigators 
(22) feel that a ‘‘moderate’’ amount 
of scum is beneficial because of its 
odor-reducing and insulating effect. 
This is reasonable if ‘‘moderate’’ re- 
fers to a scum depth of not more than 
2 ft in cold climates, but it is not neces- 
sarily true of open digesters operated 
in a warm, humid climate. 


Grit 

With rare exceptions, all domestic 
sewages contain a certain quantity of 
grit. It is impossible, even in the most 
perfectly designed and operated grit 
removal unit, to remove all of the grit 
contained in raw sewage. In sewage 
treatment plants which lack efficiently 
operated grit chambers, grit will inevi- 
tably be deposited on the digester floor 
or bottom. This is especially true in 
the conventional flat-bottom digesters. 

These deposits reduce the effective 
digestion capacity in direct ratio to 
their volume. Mau (12) believed that 
‘*because of the accumulation of inert 
sludge, grit, and scum, it is doubtful 
that more than one-third to one-half 
of the total volume in many conven- 
tional digesters is effectively utilized.”’ 
The removal of grit deposits are not, 
therefore, an uncommon problem for 
the plant operator. Soreff (23) re- 
ported the removal of a digester grit 
accumulation which equalled about 14 
per cent of the total digester volume. 
Grit is a further problem in that it 
ean be picked up by the recirculation 
pumps, causing excessive wear. Sand 
clogged sludge lines require no addi- 
tional comment. 


Supernatant 


In a properly functioning conven- 
tional digester the supernatant zone 
separates the scum from the digested 
sludge. It is composed largely of the 
water component of the influent sludge 
and relatively small quantities of sus- 
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pended, dissolved, and colloidal solids 
and dissolved gases. Because this liq- 
uor is from an anaerobic process, it 
cannot contain dissolved oxygen. It 
ean, however, possess a considerable 
oxygen demand. The normal proce- 
dure for removal is to return the su- 
pernatant to the plant influent line at a 
slow rate during periods of minimum 
flow. This procedure is entirely satis- 
factory if the supernatant has a low 
solids content. Excessive supernatant 
withdrawals may deplete the necessary 
buffering agents within the digester. 

A good quality supernatant will 
contain not more than the following 
concentrations of solids: 0.5 per cent 
total solids; 2,000 mg/l suspended sol- 
ids; and 100 ppm settleable solids (8). 
The volume of supernatant is approxi- 
mately equal to the volume of raw 
sludge pumped minus the volume of 
digested sludge withdrawn. 

Many factors affect the quality of 
the supernatant; the principal one is 
the digester detention time. Too short 


a period can result in a supernatant 
which exceeds the solids concentrations 


for a good quality liquor. These 
solids, if returned to the influent flow, 
often reduced efficiencies and 
operational problems in supplementary 
treatment units. 
(a) bulking of solids in primary and 
secondary settling tanks, (b) the or- 
ganic overloading of trickling filters 
and activated sludge aeration tanks, 
(c) imereased chlorine demands, and 
(d) the recycling of solids from the 
clarifiers to the digesters. Rankin 
(24) has reported that one plant 
pumped 30 per cent more solids to a 
digester than was indicated by the 
plant suspended solids removal ree- 
ords. He attributed this to super- 
natant recycling. At the Toledo, Ohio, 
sewage treatment plant, operation 
records (25) have clearly shown a de- 
crease in suspended solids and BOD 
removal when a poor quality superna- 
tant was returned to the plant flow. 

In digesters equipped with multiple- 


cause 


The results can be: 
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pipe withdrawal systems arranged at 
2- or 3-ft intervals, supernatant can 
be withdrawn from the level which 
produces the lowest solids concentra- 
tion. With certain patented super- 
natant selectors, the plant operator can 
not always choose the level at which to 
withdraw the supernatant. 

Supernatant withdrawal should be 
made slowly. An excessive velocity 
can create turbulence in the with- 
drawal line, resulting in a poor quality 
supernatant. In sewage treatment 
plants which have operator supervision 
24 hr per day, the supernatant can be 
withdrawn during the periods of low 
nighttime flows. 

A maximum quiescent period for the 
digester contents will produce an im- 
proved quality supernatant. The set- 
tling period will vary with plant con- 
ditions, although a minimum of 24 hr 
is generally practical. During this 
time digester recirculation is discon- 
tinued. In small digesters, with diam- 
eters of about 30 ft the supernatant 
quality can be adversely affected by the 
pumping of raw sludge. This 
pecially true in small single-stage di- 
equipped with supernatant 
withdrawal systems located in the cen- 
ter of the digester. It appears that in 
such installations the ideal point of 
supernatant removal is a location most 
remote from the entrance point of the 
raw sludge. This point is on the side 
of the tank opposite the raw sludge 
feed line. 

The pumping of a raw sludge high 
in water content can develop serious 
supernatant disposal problems. Every 
excess gallon of water pumped to a 
digester must be removed, generally 
as supernatant. The removal of the 
additional water reduces the digester 
buffering ability, which in turn de- 
creases the rate of digestion, and in- 
creases the supernatant solids content. 

Other supernatant problems may be 
remedied by reducing the scum thick- 
ness if it is more than 2 ft in depth, 
and by utilizing two digesters in stage 
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operation. In this system the sec- 
ondary tank remains in a relatively 
quiescent condition and the super- 
natant is removed from it. 

Supernatant disposal can be a diffi- 
cult problem. A good quality super- 
natant can be added to the plant flow 
and ignored. Schlenz (15) has recom- 
mended the discharge of supernatant 
directly to trickling filters. This will 
produce a more uniform sloughing of 
the filter slimes and prevent filter 
clogging tendencies. In this proce- 
dure the quality of the supernatant 
appears to be the governing factor. 
In a process devised by Kraus at 
Peoria, Ll, the digester supernatant 
is aerated with the returned activated 
sludge. Reduced bulking and a less 
temperamental activated sludge proc- 
ess are attributed to this method. 
Supernatant can also be disposed of 
on (a) drying beds and plant lawns, 
(b) in lagoons, and (¢) by chemical 
treatment followed by sedimentation. 
Undoubtedly, the best method of su- 
pernatant disposal has been proposed 
by Babbitt (14) who said it is the 
‘fone which fits local conditions and 
experiences. 


Digester Gas 


The collection and utilization of 
sludge gas for digester heating and 
other plant purposes is of particular 
importance in northern climates and 
in the larger sewage treatment plants 
elsewhere in the United States. Ru- 
dolfs et al. (6) reported a daily gas 
production range of from 0.60 to 0.75 
cu ft per capita and Van Kleeck (8) re- 
ported a range of from 0.5 to 1.3 cu ft. 
About 18 cu ft of gas are produced per 
pound of volatile solids destroyed 
(8). Bloodgood (1) stated that the 
heat value of digestion gas varied from 
585 to 646 Btu per ecubie feet and 
Babbitt (14) using another parameter, 
reported that 1,000 cu ft of sludge gas 
was equivalent to 5.2 gal of gasoline. 

Where the heating of digesters is 
necessary, the cost of providing and 
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maintaining heating facilities is bal- 
anced economically by the reduced 
sludge capacities required. At the 
same time the complexity of digester 
maintenance is increased. Further, 
sludge gas mixed with air is highly ex- 
plosive and the dangers of explosion 
and gas asphyxiation are always pres- 
ent in such facilities. On the other 
hand, accurate records of gas produc- 
tion rates provide an excellent index 
of the condition of the digestion proc- 
ess. 
Digested Sludge 

As sludge digestion proceeds there 
is deposited on the digester bottom a 
layer of stabilized solids. If these 
solids are not removed regularly, part 
of the solids will be carried away in 
the supernatant. At the other ex- 
treme, if a complete removal of di- 
gested solids is made an acid digester 
will result. This is caused by the loss 
of seed organisms and alkaline sub- 
stances. Obviously an acid digester is 
a much more serious condition than 
an inferior supernatant; therefore, it 
is better for an operator to draw too 
little than too much digested sludge. 

Probably the best rule in this re- 
spect is to withdraw the digested 
sludge frequently in small volumes 
rather than infrequently in large vol- 
umes. Keefer (16) recommended the 
withdrawal of sludge when the upper 
level of the sludge zone reached within 
1 ft of the normal supernatant layer. 
This determination is difficult, except 
in digesters equipped with side sam- 
pling ports. Depth sampling devices 
leave much to be desired, consequently 
the withdrawal of sludge in many 
small treatment plants is guess work 
based on experience. 

Digested sludge should be _ with- 
drawn slowly over a period of several 
hours. Rapid withdrawal can cause 
the removal of undigested solids from 
the upper regions of the sludge zone. 
The proper rate can be checked by 
observing the nature of the solids being 
withdrawn. 
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A well-digested sludge should be 
black in color and have a tarry odor, 
but otherwise it should be completely 
unobjectionable (13). The develop- 
ment of water streaks in freshly drawn 
sludge and rapid dewatering are ad- 
ditional indications of a well-digested 


sludge. Also, there should be no un- 


digested solids present. Heated di- 
vesters (15) generally produce a 
sludge of 40 to 50 per cent volatile 
matter. Wet sludge from these di- 


vesters, as reported by Schlenz (25), 
will contain an average of 5 to 15 per 
cent dry The remaining part 
is water which is contained in the 
following forms and percentages of the 
total: 


solids. 


Form of Water Percentage of Total 


Free 53 
Capillary 42 
Combined 5 


Sludge Dewatering 


Wet digested sludge can be de- 
watered on vacuum filters. Where 
there is reasonably good drying weather 
procedure for medium- 
size plants is to dewater the sludge 
to a solids content of 25 to 30 per cent 
For the most 
of drying beds the 
sludge should be drawn to a wet depth 
of 8 to 12 in. Schlenz (25) stated that 
the drying is expedited by 
withdrawing a sludge in which the gas 
production has not quite stopped be- 
cause the rising gas bubbles produce 
vertical openings through which water 
can escape by draining or evaporating. 
The drying time depends on _ the 
amount of rainfall, wind action, air 
temperature, and humidity. 

Dried pulverized sludge is an excel- 
lent soil conditioner because of its or- 


the normal 


on open drying beds. 


economical use 


process 


ganic humus content and moisture- 
holding properties. Other constituents 
are nitrogen, phosphoric acid, and 


potash. The concentrations of these 
compounds vary widely with local con- 
ditions. Excessive rainfall on a dry- 
ing sludge will reduce its plant nu- 
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trient content by the leaching of 
soluble compounds. 

Air-dried sludge should be used cau- 
tiously because of the possibility of dis- 
ease However, Phelps 
(13) has stated, ‘‘Although digested 
sludge has been extensively used under 
a variety of conditions, no cases of in- 
testinal have ever been re- 
ported as traceable to such use.’ He 
cautioned that ‘‘further controlled ex- 
periments are necessary to allay all 
suspicion. ’’ 

That life can survive the digestion 
process is shown by the sprouting of 
tomato the dried sludge. 
Keefer (16) stated that in a properly 
functioning digester, most of the path- 
ogenic organisms die in 10 days, with 
typhoid organisms surviving only 
about 7 days. It appears that deten- 
tion time, already admitted to be one 
of the primary considerations in the 
design and operation of digesters, is 
also an important factor in 
control. In spite of the fact that aver- 
age detention periods in digesters are 
30 days or longer, every precaution 
should be taken in the use of dried 
sludge. 
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diseases 


seeds in 


disease 


Digester Reactions 
Laboratory Tests 


Various laboratory tests are used in 
determining the condition, progress, 
and efficiency of an operating digester. 
Among these tests are the pH, alkalin- 
ity, volatile acids, gas production and 
analysis, percentage total solids, and 
percentage of dry solids made up by 
the volatile and non-volatile com- 
pounds. Tests should be performed 
according to ‘‘Standard Methods”’ 
(26). 

Sampling 


The results of laboratory analyses 
are no better than the sludge sampling 


technique used. In digester solids 
analyses, the results of single grab 
samples are rarely reliable. Solids 


analyses of raw and digested sludge 
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should be made on composited sam- 
ples only, made up from a reasonable 
number of single samples which have 
been properly preserved. One investi- 
gator (27) believed that samples for 
raw sludge solids analyses should be 
composited every minute during the 
primary sludge pumping _ period. 
While such a practice is theoretically 
sound, it could rarely be considered 
practical for the majority of plants 
in which sludge samples are taken 
manually. Common sense _ dictates 
that digester recirculation samples 
should be taken only after a reason- 
able recirculation period. 

Solids analyses on digested sludge 
are the most reliable because of the 
relatively uniform concentration of 
solids. Supernatant is variable to a 
certain extent, and the solids concen- 
tration of raw sludge varies even more. 
Extreme care is needed in obtaining 
accurate volumetric measurements of 
supernatant and raw and digested 
sludge. Generally, the order of de- 
creasing accuracy in determining these 
volumes is: (a) digested sludge, (b) 
supernatant, and (c) raw sludge. This 
is identical to the order of solids sam- 
pling validity. 


pH 


The hydrogen ion concentration, or 
pH of a digester is relied on exten- 
sively in judging the general condi- 
tions of the anaerobic reaction. In 
most digesters, a neutral condition, as 
indicated by an average pH value of 
from 6.8 to 7.2, is considered normal. 
To a certain extent it represents a 
proper balance between the materials 
entering and leaving the digester. <A 
pH value in this range also indicates 
the presence of certain buffering sub- 
stances. Barker (4) reported that the 
most effective pH range for the 
methane-forming bacteria is from 6.4 
to 7.2, with a decrease in activity above 
8.0 and below 6.0. An unusually high 
pH on a single sample can result from 
the release of carbon dioxide caused 
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by excessive agitation of the sample 
before analysis. 


Alkalinity 


Another aid in the laboratory con- 
trol of a digester is alkalinity. Cal- 
cium, magnesium, and ammonium bi- 
carbonates are examples of buffering 
substances normally found in a di- 
gester. Ammonium bicarbonate is 
produced in the digestion process and 
the others are normally contained in 
the raw sludge. Sawyer and Schmidt 
(28) reported that in analyzing the 
high-rate digestion process the pH and 
alkalinity in a sludge mixture varied 
directly with the concentration of the 
total raw solids added and with the 
digester detention time. Backmeyer 
(11) warned that the alkalinity test 
can be misleading during an acid phase 
of digestion because high alkalinities 
can parallel high volatile acids. He 
recommended maintaining a total alka- 
linity of 2,000 mg/l in a well-estab- 
lished heated digester. 

Lime additions have been made to 
digesters with and without success to 
control the pH and alkalinity. Schlenz 
(15) stated that liming has been ‘‘det- 
rimental in as many instances as it 
has been beneficial in others.’’ Bus- 
well (3) asserted that ‘‘lime in any 
form or amount has no place in a di- 
gester’’ and reported that in some in- 
stances the addition of lime has stim- 
ulated volatile acids production. On 
the other hand, Copeland (29) said 
that beneficial results have been ob- 
tained in a number of digesters by 
adding lime. He warned that the 
addition of lime must be accompanied 
by an effective mixing of the tank 
contents. Van Kleeck (30) advocated 
the liming of digesters for the follow- 
ing conditions : 

1. An excessive withdrawal of di- 
gested sludge. 

2. A shock load of industrial wastes 
high in volatile solids. 

3. An overload of toxic wastes, such 
as copper. 
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4. A heavy scum blanket high in 
raw solids. 

Satisfactory sludge digestion has 
been obtained in digesters in which 
the pH and alkalinity determinations 
have reflected appreciable departures 
from accepted values. Such conditions 
are not too surprising when the num- 
ber of variable factors in the process 
are considered. Even so, pH and alka- 
linity tests are not to be considered 
useless. Their value les not only in 
the exact results, but in the trend or 
pattern they reveal. 

Volatile Acids 

The concentration of volatile acids, 
the intermediate digestion products, is 
considered to be one of the best di- 
gester-control tools. Sehlenz (15) 
stated that the concentration of vola- 
tile acids as mg/1 acetie acid, will fore- 
tell the approach of digestion diffi- 
culties in advance of pH, alkalinity, 
and gas-production changes. Back- 
meyer (11) believed the inclusion of 
the volatile acids test in the starting 
operation of an unseeded digester was 
imperative. Investigators differ in 
their recommendations of an upper 
limit on the concentration of volatile 
acids in a digester. Buswell (3) be- 
lieved this concentration should not 
exceed 2,000 to 3,000 mg/l whereas 
Schlenz (15) believed 2,000 mg/l 
should be the upper limit. Copeland 
(29) and Backmeyer (11) believed the 
volatile acids in a satisfactory diges- 
tion must be maintained 
around 300 mg/l. In fact, Backmeyer 
(11) stated ‘‘digestion contents which 
have volatile acids over 3,000 mg/l 
are very odorous and undesirable to 
handle without special means for odor 
control.’’ 


process 


Gas Production 

Van Kleeck (8), in discussing di- 
gester control analyses stated ‘‘A rec- 
ord of gas production is equal to any 
and all of the various laboratory 
tests.”’ Schlenz (15) believed the 
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volatile-acids test rated higher than 
gas production records in determining 
the progress of the reaction. In di- 
gesters equipped with gas collection 
and gas metering systems, accurate rec- 
should be maintained and the 
results correlated with the routine con- 
trol analyses. 


ords 


Summary 

The best over-all results with the 
least difficulties will be produced when 
the sewage treatment plant operator 
in charge will manage the digester ac- 
cording to the following points. 

1. Keep the entire sewage collection 
system free of grease, septic sludge, 
and grit deposits, so that the raw sew- 
age entering the treatment plant will 
be in as fresh a condition as possible. 

2. Eliminate materials which will 
cause scum, inert bottom digester de- 
posits, or which will be toxie to the 


digester anaerobes. This includes 
such items as large quantities of seeds, 
sand, and certain toxie industrial 


wastes. 

3. Keep the water content of the 
raw sludge pumped to the digester at 
a minimum. 

4. Pump sludge small 
amounts at frequent intervals rather 
than large amounts infrequently. 

5. Mix the digester contents on a 
regular schedule so that the scum 
blanket is never more than 2-ft thick, 
and preferably much less. Once each 
week the depth of the scum blanket 
should be measured. 

6. Prevent rapid temperature in- 
creases or decreases in the tank con- 
tents. <A rise or fall of 5°F in 24 hr 
can cause a drop in the rate of sludge 
digestion. 

7. In heated tanks maintain a nearly 
constant temperature level. The exact 
temperature should be determined by 
such local conditions as the gas pro- 
duction, the gas demand, the solids- 
loading rate, the digester capacity, the 
digester insulation, and the air tem- 
perature. 
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8. Frequently withdraw supernatant 
in small amounts from the clearest 
zone in the digester. 

9. Prevent the discharge of a poor 
quality supernatant (a supernatant 
with more than 0.5 per cent total 
solids) to the plant. A supernatant 
with a high solids content can be dis- 
charged to an idle sludge drying bed. 
A supernatant low in solids is an ex- 
cellent liquid fertilizer, rich in nitro- 
gen, and can be used on plant lawns. 

10. Withdraw digested sludge in 
small amounts, at frequent intervals. 
Each withdrawal should be made at a 
slow rate and visually inspected dur- 
ing the entire withdrawal. 

11. Follow precisely the recommenda- 
tions of the manufacturer on the main- 
tenance of all specialized equipment 
such as floating covers, gas meters, 
flame traps, pressure regulators, mix- 
ing devices, ete. 

12. Learn the details of the diges- 
tion facilities—the piping layout, the 
gas collection system, and the mixing 
devices. No other person should know 
this better than the plant operator. 

13. Maintain accurate records on 
the following volumetric measure- 
ments : 


(a) Gallons of raw sludge pumped 
daily to the digester. 

(b) Gallons of supernatant with- 

drawn. 

Gallons of digested sludge with- 

drawn. 


14. Collect samples of the following 
types: 


(a) composited sample taken 
daily from raw sludge pump- 
ings. 


(b) A composited sample taken dur- 
ing each digested sludge with- 
drawal. 

(c) A composited sample taken 
from the digester at the end of 
each period of intense mixing. 


15. Make the following laboratory 
determinations on the samples collected 
under Item 14: 
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(a) Temperature average (° F); 
(b) Total solids (%); 

(c) Volatile solids, dry weight (%) ; 
(d) pH; 

(e) Alkalinity (mg/l). 


16. Make all, or part, of the follow- 
ing general calculations involving the 
sludge digestion process: 


(a) Gallons of raw sludge pumped 
per million gallons of raw sew- 
age flow * (gal/mil gal) ; 

(b) Approximate period of diges- 
tion (days), monthly average, 

Digestion period (days) 
_ Digester volume (gal) 
~ Raw sludge pumped per day 
(gal /day) 


(ce) Pounds of raw total solids added 
daily per cubie foot of digester 
volume (lb total solids/day/cu 
ft), monthly average ; 

(d) Pounds of raw volatile solids 
added daily per cubie foot of 
digester volume (lb_ volatile 
solids/day/cu ft), monthly aver- 
age; 

(e) Pounds of suspended solids 
added daily per eubie foot of 
digester volume (lb suspended 
solids/day/eu ft), monthly av- 
erage ; 

(f) Per cent reduction of raw vola- 
tile solids, average for six 
months or longer, 

Reduction (°) 
+ SY) 100. . (2) 


In which: 


RV = Pounds of raw volatile solids 
to digester during period. 

DV = Pounds of digested volatile 
solids leaving digester during 
period. 

SV = Pounds of supernatant vola- 
tile solids leaving digester dur- 
ing period. 


* Should be done each day. 
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in cubic feet 
produced per capita, cubic feet 
produced per pound of volatile 
solids added, and cubie feet pro- 


Gas production 


duced per pound of volatile 
solids destroyed. 
7. Study the digester operation 


techniques used by other operators in 
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One excellent means of ac- 


complishing this is to join a profes- 


sional association of water ana sewage 


works operators, established on a state- 


wide basis. 


Tips on sludge digesters 


are bound to be exchanged among op- 


erators at the meetings of the various 


groups in such an association. 


15. 


**Operators 4 


. Fuhrman, R. E., 


3. Soreff, J., 


5. Schlenz, 


Schlenz, H. E., ‘*What You Should Know 
About Sludge Digestion.’’ Public 
Works, 82, 67 (1951). 

Keefer, E., ‘‘Sewage Treatment 
Works.’’ MeGraw-Hill Book Co., Ine., 
New York, N. Y. (1940). 

Lohmeyer, G. T., ‘*A Study of Sludge 

Without Auxiliary Heating 
in A Semi-tropical Climate,’’? Unpub- 
lished Master’s Thesis, University of 
Florida (1957). 

Fair, G. M., and Moore, E. W., **Ob 
servations on the Digestion of Sewage 


Digestion 


Sludge Over Wide Range of Tempera 
tures.’’ Sewage Works Jour., 9, 1, 3 
(Jan. 1937 


Forum.’’ THis JOURNAL, 
28, 4, 575 (Apr. 1956). 

Wisely, W. H., 
Tank 


13, 1, 


‘Experiences in Digestion 


Seum.’’ Sewage Works Jour., 


1941 


**Seum 


87 (Jan. 


Control in 


Sludge Digestion.’’ THIS JOURNAL, 
26, 4, 453 (Apr. 1954 

. Imhoff, K., and Fair, G. M., ‘Sewage 
Treatment.’’ John Wiley and Sons, 
Inc., New York, N. Y. (1947 


‘*Digesters Cleaned of Sludge 
and Debris Before Conversion into 
High-Rate Tanks.’’ Wastes Eng., 27, 


365 (1956 
Rankin, R. S., ‘‘Digester Capacity Re 
quirements.’’ Sewage Works Jour., 


10, 5, 478 (May 1948 

H. E., ‘*Theory and Operation 
of Separate Sludge Digestion Tanks.”’ 
Outline of discussion presented at 1956 
Annual Short School, Uni 
versity of Florida (May 30, 1956). 


Operators 


26. ‘*Standard Methods for the Examination 
of Water, Sewage and _ Industrial 
Wastes.’’ 10th Ed., Amer. Pub. 
Health Assn., New York, N. Y. (1955). 

27. Waggoner, N. E., ‘‘Caleulation of Gas 
Production.’’ THIS JOURNAL, 23, 
931 (July 1951). 

28. Sawyer, C. N., and Schmidt, H. E., 


‘¢High-Rate Digestion.’’ Jour., Boston 
Soc. Civil Engrs. (Jan. 1955). 


| 
—— | 
| 
| 
| 
| 
7 
Sg 
| 


! 


Vol. 31, No. 2 
29. Copeland, W. R., ‘‘Basic Elements of 
Digester Operation.’?’ THIS JOURNAL, 
27, 2, 224 (Feb. 1955). 


PROTECTIVE COATINGS 


235 


30. Van Kleeck, L. W., ‘‘Control of Sludge 


Quality.’’ Wastes Eng., 23, 401 
(1952). 
EVALUATING PROTECTIVE COATINGS * 
By Herman J. Estrapa 
Materials Testing Engineer Assistant, Bureau of Standards, Los Angeles, Calif. 
contracts are awarded to the lowest 


A program of testing and evaluating 
coatings for the City of Los Angeles 
has been in progress at the Bureau of 
Standards of the Department of Pub- 
lie Works for more than thirty years. 
The scope of the program has grown 
with the increase in use of protective 
coatings and the great increase in the 
numbers and types of coating ma- 
Included in the program is an 

test series which has been 
carried on in conjunction with the 
Harbor Departments of the City of Los 
Angeles and the City of Long Beach. 

The cooperative program consists of 
exposure tests in various locations and 
environments which are selected to 
duplicate as nearly as possible the ac- 
tual conditions of service. Protective 
coatings intended for use in sewers are 
exposed in a sewer chamber where con- 
centrations of hydrogen sulfide gas 
have exceeded 25 ppm and where 5 
per cent concentrations of sulfuric acid 
have been found in the wall moisture. 

Service conditions in sewer strue- 
tures are so diverse that they cannot 
be fully duplicated in the laboratory. 
Therefore, accelerated tests in the lab- 
oratory are seldom used because the 
results of such tests do not correlate 
well with standard exposure tests or 
with performance in service. 


terials. 
extensive 


The selection of protective coatings 
for municipal structures gives rise to 
many problems. The answer must 
often be a compromise between the cost 
and the quality of the coating. Since 

* Presented at the 1958 Annual Meeting, 
California Sewage and Industrial Wastes 
Assn.; Stockton, Calif.; Apr. 23-26, 1958. 


bidder, specifications must be carefully 
written to define the type and quality 
of coating desired. Loose or carelessly 
written specifications are likely to re- 
sult in unsatisfactory work. 


Liners vs. Coatings 

The materials tested for the protec- 
tion of sewers fall into two general 
classes: liners and coatings. Liners are 
generally plastics or elastomers which 
are extruded or molded to form dense 
homogeneous sheets of uniform thick- 
ness. This minimizes pinholes and 
other surface defects common to coat- 
ing systems. Plant control of the com- 
pounding and cure minimizes or elimi- 
nates the need for plasticizers, solvents, 
and other ingredients which may re- 
duce the chemical resistance of the pro- 
tective cover. 

The field methods of joining liner 
sheets may prove unsatisfactory since 
the composition of the joint material 
may be different from that of the liner. 
This difference in composition may 
weaken the protective system. The 
present method of testing protective 
liners uses an electronic spark-tester 
which indicates breaks in the protec- 
tive film but does not indicate a poor 
bond between sheets. Therefore, con- 
stant inspection of field joining opera- 
tions is advisable to minimize 
bonds between sheets. 

When protective ma- 
terials for use in areas of severe cor- 
rosion or in moderately corrosive loca- 
tions where future repairs are not 
practical, a liner may prove more satis- 
factory than a coating. 
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At present, the City of Los Angeles 
uses a vinyl chloride plastic liner for 
protecting concrete and steel in such 
locations. This plastic liner has been 

for than ten years and 
has proved satisfactory. Present indi- 
cations are that a service life of several 
decades will be realized. 


in use more 


The liners are excellent protective 
and should be considered in 
those locations where their high initial 
cost can be offset by their long service. 


systems 


Protective Coatings 

Testing 
Protective coating materials are 
liquids or pastes which can be applied 
to surfaces by various methods, such as 

brushing, spraying, or troweling. 
When a new sample of protective 
coating is submitted for test the manu- 
facturer is requested to identify fully 
the material and furnish information 
pertinent to its use. If the manufac- 
turer the specimens he must 
furnish information on the surface 
preparation of the specimens, type of 
priming, number of coats, method of 
application, and the dry film thickness. 
The specimens are exposed at the 


eoats 


various locations and periodic inspec- 
tions are made at intervals of three to 
six months. This is a time-consuming 
method of evaluation requiring many 
years before full approval can be given 
to any one material. Even with this 
care, approved materials have failed in 
a few installations due to unforeseen 
conditions that have developed. 


Basis for Selection 


When selecting a protective coating 
system for a sewer structure it should 
be remembered that no single coating 
or coating system is the best for every 
situation. Some of the important fac- 
tors to be considered in the selection 
of a coating material are the type and 
present condition of the surface, work- 
ing conditions at the job site, and any 
special environmental factor or condi- 
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If the surface is being recoated, 
experience with the previous coating 
materials should be studied and evalu- 


tion. 


ated. When applying a new material 
over an existing coating their com- 
patability should be tested. If they 


are not compatible the existing coating 
must be entirely removed. Porous con- 
crete surfaces may require a seal coat 
to obtain optimum results. <A specifi- 
cation should indicate the methods of 
surface preparation and application. 
It should be remembered that there is 
no substitute for a thoroughly cleaned 
surface when applying a_ protective 
coating. Special precautions should be 
taken when coatings are being applied 
in a humid Freshly 
cleaned surfaces in these areas should 
never remain uncoated for more than 
a few hours. 

The working conditions are impor- 
tant and such factors as adequacy of 
ventilation, of ex- 
plosive gases, feasibility of blast clean- 
ing, and methods of application should 
be considered when selecting a protec- 
tive coating. 


atmosphere. 


possible presence 


should be given to 
such envirommnental factors as the aver- 
age and maximum temperatures, the 
average humidity and the presence of 
condensation, exposure to weathering, 
the presence and possible concentra- 
tions of chemicals and solvents, and 
possible wear and abrasion in service. 

The total cost of the various protec- 
tive systems should be balanced against 
their life expectancies. A material 
with a long service-life may prove the 
least expensive in annual cost. 

In sewer structures the feasibility of 
repairing or replacing the coating sys- 
tem at a future date must be consid- 
ered as an important controlling factor 
since it is nearly impossible to repair 
or recoat many of these structures 
after they are placed in service. In 
such locations a protective system with 
a long service-life should be used. 

The following rules of thumb may 
be generally applied in the selection of 
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a coating material: The better the ma- 
terial wets and adheres to a surface the 
poorer will be its chemical resistance ; 
the more flexible the material the 
poorer will be its chemical resistance ; 
the thicker and more uniform the film 
thickness of a coating the better the 
protection. The paint system which is 
least demanding in surface preparation 
and application, and which is. still 
capable of performing well is generally 
the best choice. 

When specifying the type of coating 
material required, the formulation of 
the coating compound should also be 
specified. A protective coating con- 
sists of various components any of 
which may be varied or substituted in 
the different formulations thus chang- 
ing some of the characteristics of the 
finished product. The number of vari- 
ables in coating formulations makes it 
impossible to state that any one type 
of coating material is the best for a 
given location. One formulation of a 
coating material may afford excellent 
protection while a variation in the 
formulation may result in failure of 
the coating material in a_ relatively 
short time. 

The following discussion will cover 
the newer types of protective coatings, 
their main characteristics, and general 
information obtained during the test 
program. 


Alkyd Varnishes 


The alkyd resins are usually made 
by the reaction of drying-oil fatty 
acids and polyhydrie alcohols. As a 
result, they have many of the proper- 
ties of the drying oils. As the amount 
of drying oil is decreased the resins 
become harder and more resistant, but 
their wetting ability is decreased. The 
possible variations types and 
amounts of drying oils and polyhydric 
alcohols result in an almost unlimited 
number of alkyd resins which can be 
produced. 

Alkyd varnishes have weathering 
properties superior to other oleoresi- 


PROTECTIVE COATINGS 237 


nous enamels. Their gloss and color 
retention are excellent and the alkyds 
are excellent for protecting structural 
steel. The alkyd varnishes are exten- 
sively used as coatings on structures 
not immersed in water or exposed to 
strong chemicals. 

Alkyd varnishes are often modified 
with rosin to reduce cost. The modifi- 
cation reduces color retention, water 
resistance, and durability. 


Phenolic Resins 
' 


Phenolic varnishes are moderately 
resistant to inorganie acids and mild 
alkalis. They have excellent resistance 
to high humidity and water immersion. 
A short oil-length formulation should 
be used for maximum water and chemi- 
cal resistance. The short oil-length 
formulations are too brittle for outdoor 
exposure. Exterior durability re- 
quires a phenolic varnish based on a 
long oil length, which will be unsuit- 
able for total immersion. 

The phenolic varnishes are more 
chemically resistant than drying oils, 
ester gums, and alkyds. Considerable 
use is made of phenolie varnishes in 
locations involving high humidity and 
water immersion and in mild chemical 
environments which do not warrant 
paints such as vinyls or chlorinated 
rubbers. 

Phenolic varnishes have poor wet- 
ting power and require thorough sur- 
face preparation. The phenolic resin 
is dark, therefore, it cannot be used in 
light colors. 

Phenolic resins may be modified with 
materials such as rosins, tall oil, and 
ester gum to produce inexpensive 
resins. The modification reduces the 
durability and chemical resistance. 


Vinyl Paints 


The vinyl resins used as protective 
coatings are a series made from copoly- 
merized vinyl chloride and vinyl ace- 
tate. The vinyl resins have poor ad- 
hesion, therefore, constituents such as 
maleic acid are added to improve ad- 
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hesion. The adhesion is also improved 
by applying over a vinyl butyral wash 
primer. New have 
available recently which improve ad- 


primers become 
hesion of vinyls, in some cases even 
where old coatings remain on the sur- 
For maximum protection the 
vinyl paints must be applied to sand- 


face. 


blasted surfaces by skilled painters. 

Most vinyl paints have a low solids 
content and numerous coats are needed 
to build up a thick film. New high- 
solid vinyl paints and vinyl mastics 
have been developed recently and are 
being included in the Bureau’s test 
program. 

The have flexibility, 
abrasion, and weather resistance, and 


vinyls 
mineral 
acids, alkalies, mineral and vegetable 
oils, petroleum They 
show poor resistance to some organic 


eood chemical resistance to 


and solvents. 
acids, ammonium hydroxide, and some 
strong solvents. 

These vinyl coatings should not be 
confused with the water emulsion viny! 
acetate paints which are in common 
use as house paints. 


Chlorinated Rubber 


Chlorinated rubber is obtained by 
treating natural rubber with chlorine. 
The material is a hard resin; plasti- 
cizers and other resins are added to 
make elastic coating materials. 

The great variations which occur in 
the chlorinated 
amounts and types of plasticizers, and 
other resins can greatly affect the per- 
formance of the coating film. 

Chlorinated rubber paints are gen- 


amounts of rubber, 


erally classified into three types. 


Type A contains over 50 per cent 
chlorinated rubber in vehicle solids 
and includes chlorinated resins and 


plasticizers. This type has the maxi- 
mum chemical resistance. 

Type B contains the same amount of 
chlorinated rubber as type A but oil 
and alkyd resins are used to replace 
the chlorinated resin. It is used pri- 
marily on alkaline surfaces such as 
econerete and masonry. 
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Type C contains 
chlorinated rubber 
cent long-oil alkyd 
the vehicle solids. 


20 to 40 per cent 
and 60 to 80 per 
or drying oils in 
Type C has maxi- 


mum adhesion but the least chemical 
resistance. It is widely used as a 
primer. 

Most chlorinated rubber base coat- 


ings have a high resistance to many 
acids, alkalies, and mineral oils. They 
have poor resistance to strong acetic 
acid, animal and vegetable oils, and 


strong solvents. 
Epoxy Re sins 


The epoxy resins are relatively new 
materials, but present indications are 
that they will solve some of the prob- 
lems encountered in protecting sewer 
structures. Some of their advantages 
are excellent adhesion, excellent chem- 
ical non- 
oxidizing acids, and caustics, rapid set- 


resistance to most solvents, 
ting time, with no solvent release and 
very slight shrinkage. The room-cure 
resins can be obtained in various vis- 
The vary from 
light brushing consistency to a heavy 
troweling consistency. 


cosities. viscosities 


Some of the disadvantages encoun- 
tered are the close control required on 
the proportions of hardener to resin, 
pot lives as low as 20 min, poor resist- 
ance to oxidizers such as chlorine, and 
poor outdoor weathering performance 
when used as a clear coat. 

Epoxy ester paints are formed by 
epoxy resin with the fatty 
a drying oil to form a con- 


reacting 
acids of 
ventional air-drying oleoresinous paint. 
The paints have good adhesion, tough- 
resistance but the 
chemical resistance is lowered. 


ness, and abrasion 


Polyurethanes 


The urethanes are the newest of the 
protective coating materials which are 
being tested for use on strue- 
Published indi- 
cates that this material has good sol- 
vent, salt water, and 


sewer 
tures. information 
chemical resist- 
ance and has excellent general physical 
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properties. The flexibility and hard- 
ness of the urethanes can be varied 
over a great range. 

More experience is required before 
an evaluation can be made of this ma- 
terial’s potential uses. 
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There are numerous other coatings 
which have been in common use for 
many years. Since much information 
is available on coatings such as as- 
phalts, oil paints, coal tars, and others 
they were not included in this paper. 
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Sludge Drying 


The 1956 report of the Birmingham 
(England) Tame and Rea _ District 
Drainage Board contains some inter- 
esting results on a sludge drying ex- 
periment underway at the Board’s 
sludge treatment works. The investi- 
gation is in connection with the pos- 
sible lifting of dried sludge from open 
beds by machine. In determining the 
feasibility of machine lifting the need 
arose for information on the most eco- 
nomical depth to which wet sludge 
could be applied. An application of 
18 in. of sludge, drying down to 6 to 
9 in., while suiting the existing method 
of hand lifting on a bonus system, 
would yield a greater depth than 
could be handled by the machine in 
mind. 

To observe the effect of various 
depths of wet sludge on the rate of dry- 
ing 12 experimental beds, each 10 by 
20 ft at the base, were constructed. 
The depths of sludge used were 6, 9, 
12, and 18 in. It was arranged that as 
soon as sludge in one set of each of the 
four depths was sufficiently dry it 
would be lifted and refilled with the 
same depth of sludge. The remaining 
beds were to be used for making com- 
parisons between the time taken for 
the drying of different depths of sludge 
put on the beds at the same time, and 
for comparisons with sludge dried on 
nearly half-acre beds of similar con- 
struction. In the 203 days required to 
dry the 18-in. depth of sludge, three 


successive applications of 6- and 9-in. 
depths and two applications of 12-in. 
depths of sludge were dried. How- 
ever, the dry matter in one lift at 
each of the shallower depths was found 
to be only 33 per cent or less. The 
depth of dried sludge was difficult to 
measure with good accuracy. Approx- 
imately 1 to 114, 2, 3, and 51% in. of 
dried sludge were obtained with 6-, 9-, 
12-, and 18-in. depths of wet sludge, 
respectively. The first tentative con- 
clusions of the investigators were that 
a 50 per cent increase in volume of 
sludge dried is obtainable by filling to 
9-in. depth and a 33 per cent increase 
with a 12-in. depth. No advantage was 
obtained by using a 6-in. depth. 

If further observations confirm these 
conclusions it would indicate that the 
extra rate of drying of sludge in 
shallow layers is outweighed by the 
extra cost of lifting. In machine lift- 
ing, application of a 6-in. depth is 
thought to be a maximum. 

Over the period of operation of the 
experimental beds it is estimated that 
the rate of air drying has been three 
times as great in summer as in winter. 

Other experiments have been con- 
ducted to measure the quantity and 
quality of underdrainage from drying 
beds. The liquor collected was clear 
and colorless but amounted to only 11 
per cent of the total in the sludge. Ir- 
respective of the depth of application 
of the sludge, drainage took place only 
within the first few days. Thereafter 
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an insignificant amount of water was 
released. The investigators point out 
that sludge drying depends for the 
part on evaporation and that 
climatic conditions have greater influ- 
ence on drying than the underdrainage 
of the beds. 


most 


Kanawha River Survey * 
What does West Virginia’s basket- 
ball prowess have in common with pol- 
lution control in that Maybe 
nothing—but from all appearances it 
seems that the tactic of ‘‘double team- 
ing 


state? 


was used in a recent survey of 
the Kanawha River. 

Last summer 12 industrial firms, the 
U. 8. Geological Survey, and the State 
Water Commission joined forces and 
collected 1,500 samples during a 27- 
day About 5,000 analytical 
determinations were made. Sampling 
was done almost entirely by personnel 
from industry ; 


period. 


most of the laboratory 
work was done by the Commission; 
and the Survey 
sponsible for collecting most of 
stream flow data. 


Geological was re- 


the 


The purpose of the survey was to 
determine what each industry must do 
as its part in cleaning up the Kanawha 
River. The remaining are to 
correlate the new data with older data 
and evolve a plan of, action. 


tasks 


Industrial Pollution Abatement 


If you asked the question, 
‘“Are industries reducing their pollu- 
tion loads mainly by building treat- 
ment plants or are they doing it 
through in-plant changes?’’—how 
would you answer? Well, in the De- 


were 


cember issue of The Conduit, the 
newsletter of the Virginia Industrial 
Wastes and Sewage Works Associa- 


tion, it is pointed out that, by far, 
in-plant changes are responsible for 
the greatest pollution reductions. 


* West Virginia Waters, 3, 3 (Sept. 1958). 
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For example, five Virginia plants 
making viscose rayon or cellophane, or 
both, reduced their combined BOD 
load by 48 per cent. In 1946 the BOD 
load from these plants totaled 438,950 
lb/day; in 1954 the load was 22,900 
lb/day. During this same period 12 
pulp and paper mills reduced their 
load by 42 per cent. These reductions 
made despite production in- 
creases at most plants. Some of the 
reduction in the pulp and paper mills 
was accomplished by installation of 
industrial treatment facilities, 
but all the reduction at the rayon and 
cellophane plants made by in- 
plant changes. 


were 


waste 


was 


By-Product Recovery + 


Special chemical compounds ealled 
Orzans are being produced from sul- 
fite pulping liquors that otherwise 
might be wasted. The Lebanon, Ore., 
plant of the Crown Zellerbach Corp. 
produces Orzan A, used in wallboard 
manufacture; Orzan §S, used in con- 
erete; Orzan P, used as asphalt emulsi- 
fier; A Hs, an flotation agent 
used in molybdenum recovery; and 
Greenzy,, a leaf spray used to combat 
iron deficiency in trees and plants. 


ore 


Plant Grounds 


At Jackson, Mich., the sewage treat- 


ment plant grounds are known as 
Northlawn Park. Forty picnic tables 
are located there and on many oc- 


casions all are in use. Recently the 
Grand Trunk Railroad presented the 
city with a steam locomotive which 
will be placed on the plant grounds 
for all to enjoy. All of this adds up 
to a fine publie relations job on the 
part of Superintendent R. A. Greene. 
Now that Mr. Greene has a whistle we 
hope he won’t forget to toot it every 
once in a while. 


+ Northwest 
(1958). 


Pulp and Paper News, B 1 
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News and Notes 


Of Persons and Activities in the Wastewater Field 


A M Rawn recently retired from his post 
as Chief Engineer and General Manager of 
the Los Angeles Sanitation Districts. He 
served as fourth President of the Federa- 
tion for the year 1943-44. Mr. Rawn was 
named to honorary membership in ASCE 
at its October 1958 meeting. 


M. B. Nixon, who for the past 15 years 
has been Engineer In Charge of Sewers for 
the City of Atlanta, Ga., has recently been 
promoted to the position of Assistant Chief 
of Construction for the City. Among his 
new duties will be the supervision of plan- 
ning and construction of Atlanta’s new 
three-year, $11 million sewer system and 
treatment program. 


Thomas T. Quigley has been elected 
Vice-President—Equipment Divisions, Wal- 
lace and Tiernan, Ine., Belleville, N. J. 
He has been on the Federation Board of 
Control as a Director representing the 
water and sewage works manufacturers for 
the past three years and has been on the 
Federation’s Executive Committee. 


G. Gale Dixon, Associate with Parsons, 
Brinckerhoff, Hall & MeDonald, died sud- 
denly in New York in December at age 73. 


The University of Florida has desig- 
nated its new research facilities as the 
“Earle B. Phelps Sanitary Engineering Re- 
search Laboratory,” after the “Dean of 
American Public Health Engineers.” 


Professor Thorndike Saville is now the 
Director of the Science and Engineering 
Study Center of the University of Florida 
at Gainesville. He had recently been a 
member of the New York State Publie 
Health Council. This vacated post was 
filled by the Governor’s appointment of W. 
H. (Pete) Wisely, Executive Secretary of 
ASCE and former Executive Secretary- 
Iiditor of the Federation. 


H. Loren Thompson, partner in Stevens 
and Thompson Engineers, Portland, Ore., 
has been named the 1958 “Oregon Engi- 
neer of the Year” by the professional engi- 
neers of Oregon. He is currently serving 


on the Federation Board of Directors repre- 
senting the Pacific Northwest Sewage and 
Industrial Wastes Association. 


Vernon T. Stack, Jr. has been ap- 
pointed director of the new Consulting 
Division of Roy F. Weston, Inc., New- 
town Square, Pa. He was formerly with 
Union Carbide Chemicals Company. 


W. H. Larkin, former Chief of the 
Water Pollution Control Section of the 
New York State Health Department’s Bu- 
reau of Environmental Sanitation, has re- 
cently been appointed Assistant Executive 
Secretary of the New York State Water 
Poilution Control Board. 


Dr. Robert S. Ingols, Professor and 
Head of the Public Health Department at 
Georgia Institute of Technology, was re- 
cently chosen Chairman-elect of the Ameri- 
can Chemical Society’s Division of Water, 
Sewage, and Sanitation Chemistry for 
1959. 


Earl Devendorf, after more than 40 
years of service with the New York State 
Department of Health, has retired as Di- 
rector of the Bureau of Environmental 
Sanitation. 


Wm. Hunter Owen, former Assistant 
Director of the Division of Sanitary Engi- 
neering of the Tennessee Department of 
Health, has become associated with the 
firm of Barge, Waggoner and Sumner, 
Nashville, Tenn. He was Chairman of the 
Kentucky-Tennessee Industrial Wastes and 
Sewage Works Association for the past 
year. 


W. W. Horner, senior partner in the 
firm of Horner and Shifrin, St. Louis, died 
recently at the age of 75. 


Harry Pryor has joined the firm of J. 
Sanders Parker, Consulting Engineers, 
Nashville, Tenn. 


Evan A. Angley, Superintendent of the 
sewage treatment plant at Marshall, Mich., 
died recently. 
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Book Reviews 


Biological Treatment of Sewage and 
Industrial Wastes. Volume If. An- 
aerobic Digestion and Solids-Liquid 
Separation. Epirep sy Jo- 
sEPH McCaBe AND W. W. ECKENFELDER, 


Jr. Reinhold Publishing Corp., New 
York, N. Y. 330 pp. Price $11.50 
(1958). 


The volume is comprised of papers pre- 
sented at the Anaerobic 
Digestion and Solids Handling, sponsored 
by Manhattan College, New York, April 
24-26, 1957. It constitutes an informative 
record of the present status and the prog- 
ress in the subject. 

Individual chapter headings follow: 


Conterence on 


Part 1. 


Septic Tank to Controlled Digestion. 

Biochemical Bases of Anaerobie Diges- 
tion. 

Basic Principles of Sludge Digestion. 

A Bacterium Looks at Anaerobie Di- 
gestion. 

An Evaluation of 
tion. 

Environment Control of Anaerobie Di- 

with Gas Diffusion. 

Mesophilic Anaerobic Digestion: De- 


Anaerobic Treatment 


High-Rate Diges- 


gestion 


sign and Operating Considerations. 

Applications of Gas Chromatography, 
Conductivity and Potential Meas- 
urement in Sludge Digestion. 

An Investigation of the Influence of 
Some Isotopes on 
Sludge Digestion. 

Thermophilie Anaerobie Stabilization 
of Pea Blancher Wastes. 

Effect of Vegetable Oil and ABS on 
Anaerobic Digestion of Primary 
Sludge. 

Treatment of Packing House Wastes 
by Anaerobie Digestion. 


Radioactive 


Anaerobic Digestion of Pulp and 
Paper Wastes. 

Chemical and Hydraulic Character- 
isties of the Anaerobic Contact 


Process for Sewage Treatment. 
Part 2. Sedimentation and Flotation 


Sedimentation Process Fundamentals. 
Evaluation of Laboratory Settling 
Data for Process Design. 
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Application of Fundamentals to Waste 
Treatment Sedimentation Design. 

A Comparative Study of the Hy- 
draulic Characteristics of Two 
Types of Cireular Solids Separation 
Basins. 

The Uniflow Tank—An Improved Set- 
tling Tank. 

Inlet Diffusion 
Flow Basins. 

Flotation in Waste Treatment. 

Application of Pressure Flotation 
Principles to Process Equipment De- 
sign. 

A Mathematical Interpretation of Flo- 
tations for Solids-Liquid Separa- 
tion. 

Studies on Dissolved Air Flotation of 
Biological Sludges. 


Control of Vertical 


Part. 3. Vacuum Filtration and 
Sludge Conditioning 

Sludge Elutriation. 

Laboratory Scale Filtration Experi- 


ments and Their Application to 
Sewage Sludge Dewatering. 
Improved Sludge Conditioning and 
Vacuum Filtration. 
Vacuum Filtration Principles and 
Their Application to Sewage Sludge 
Dewatering. 


R. E. FunrmMan 


The Municipal Year Book, 1958. By 
Orin F. anp Davin 8. ARNOLD, 
Epitors. International City Managers’ 
Association, Chicago, Ill. 598 pp. Price 
$10.00 (1958). 

Highlights of the 1958 edition include 
special sections on municipal debt and 
public improvements planned in finance 
for the next 5 years. The municipal debt 
section presents the latest issues of general 
obligation, revenue, and special assessment 
bonds issued in 1957 by 550 cities over 
10,000 population and shows the dollar 
amount of bonds issued for sewers and 
other improvements. 

There are other new sections and the 
Year Book has been brought up-to-date. 


R. E. FunrRMan 
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Consulting Engineers: Whitman and Howard 


Photo—Dorr-Oliver, Inc. 


VAREC SEWAGE EQUIPMENT 
helps BURLINGTON, VERMONT 
keep LAKE CHAMPLAIN clean 


SEWAGE EQUIPMENT 


. 
Pressure Relief and Vacuum 
Breaker Valve 


Flame Asvesters 
Flame Yeap Assembly 
Explosion Relief Valves 
Waste Gas Burners 
Flame “Checks 


Pressure Relief and 
Flame Trap Assembly 


Pressure Reducing 
Regulator 


Check Valves 
Drip Traps 
Sediment Traps 


Manometers 


Burlington, Vermont, has installed the first 
modern sewage plant in Vermont to protect the 
waters of Lake Champlain for swimming, fishing 
and boating. 


On the Dorr Multidigestion System, VAREC 
SEWAGE GAS CONTROL and SAFETY DE- 
VICES protect the plant against fire and explo- 
sion, and regulate the volatile sewage gas for 
smooth operation. 


With thousands of communities in the United 
States and Canada installing Varec Sewage Equip- 
ment, it is practically standard for controlling 
gases from sewage digesters. Send for VAREC 
Catalog S-3. 


THE VAPOR RECOVERY SYSTEMS CO. 
COMPTON, CALIFORNIA 
Cable Address: VAREC COMPTON CALIFORNIA (U.S.A.) 
All Codes 


Available from Authorized Sewage Equipment agents 
throughout U.S. and Canada. 
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Proceedings of Member Associations 


OKLAHOMA WATER, SEWAGE 
AND INDUSTRIAL WASTES 
CONFERENCE 


The 9th Oklahoma Industrial Wastes 
held at the Student 
Union on the campus of Oklahoma 
State University, Stillwater, Okla., 
September 24-25, 1958. Primary in- 
terest in the full 2-day program was 
centered around the petroleum indus- 
try waste problems; however, nearly 
half of the program drew attention to 
other industrial waste problems. 

The program the follow- 
ing papers of wastes in- 


Conference was 


included 
industrial 
terest: 

‘Industrial Waste Disposal by 
Spray Irrigation,’’ by Robert A. Can- 
ham, Associate Editor of Sewage and 


pumps almost everything 


( what will go in will come out ) 


secret: recessed impeller; continuous open passage 


(completely non-clogging) 


Western Machinery Company 


Industrial Wastes, Federation of Sew- 
age and Industrial Wastes Associa- 
tions, Washington, D. C. 

Pollution Control in 
Oklahoma as it Pertains to the Oil In- 
dustry,’’ by W. J. Marshal, Corpora- 
tion Commission, Oklahoma City. 

‘*Controlled Air in the Activated 
Sludge Process,’’ by Carl D. Wright, 
Pacific Flush Tank Company, Chicago, 
Ill. 

‘*Aspects of Biological Waste Treat- 
ment,’’ by A. J. Kress, President of 
Reliance Chemical Corp., Houston, 
Texas. 

‘‘How one Refinery is Handling its 
Waste Treatment Problems,’’ by Roy 
D. Umbauch, Chief Chemist, Phillips 
Petroleum Co., Okmulgee. 


‘*Progress of 


(Continued on page 64a) 
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Sewer corroded 
replaced with Armco 
SMOOTH-FLO Pipe 


Part of a 12-year-old rigid pipe 
sanitary sewer in Sacramento, Cal- 
ifornia, had been eaten away by 
hydrogen sulphide gases. The 
resulting seepage undermined the 
sewer foundation, causing the pipe 
to settle and crack. 

To withstand the corrosive 
gases and to maintain good align- 
ment in the unstable foundation, 
engineers specified Armco 
SMOOTH-FLo® Sewer Pipe as a 
replacement. 

Armco SMOOTH-FLO Pipe has 
the proved durability and strength 
of corrugated metal pipe, plus a 
smooth interior lining for high 
flow capacity. Its long lengths and 
positive joints enable SMOOTH- 
FLo to maintain good alignment 
even in unstable soils. For com- 
plete details on Armco Sewer 
Structures write to Armco Drain- 
age & Metal Products, Inc., 4839 
Curtis Street, Middletown, Ohio. 


ARMCO DRAINAGE & METAL PRODUCTS 


Subsidiary of ARMCO STEEL CORPORATION 


OTHER SUBSIDIARIES AND Divisions: Armco Division « Sheffield Division 
The National Supply Company * The Armco International Corporation 
Union Wire Rope Corporation * Southwest Steel Products 
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Oklahoma Re- 
Waste Control Counceil,’’ by 
M. E. MeMahon, Engineer, Phillips 
Petroleum Co., Bartlesville, with a dis- 
cussion by Troy Dorris, Professor of 
Zoology, Oklahoma State University. 

“The New Oklahoma Water Re- 
sources Board,’’ by Francis J. Borelli, 
Director, Oklahoma Water Resources 
Board, Oklahoma City. 

‘Water Quality Conservation Stud- 
ies in the Arkansas-Red River Basins,’’ 
by Keith Krause, Assistant Regional 
Engineer, USPHS, Dallas, Texas. 

‘*Industrial Waste Disposal on 
Pryor Creek,’’ by Jack Slater, Chief 
Analytical Chemist, Deere Chemical 
Co., Pryor. 


‘*Progress of the 


finer’s 


At the business meeting of the In- 
dustrial Wastes Section it was voted to 
rejoin the water and group 
after several years of separate meeting 
dates. This would begin with a com- 
bined meeting at the Water and Sew- 
Short November of 


sewage 


Course in 


age 
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1959. 

Donald F. Kennedy, Project Engi- 
National Gypsum Co., Pryor, 
Okla., was elected to serve as Director 
of the Industrial Wastes Section for 
the following year. 

H. M. CRAne, 
Secretary-Treasurer 


neer, 


PACIFIC NORTHWEST SEWAGE 
AND INDUSTRIAL WASTES 
ASSOCIATION 


Meeting of 
Sewage and 


The 25th Annual the 
Pacific Northwest Indus- 
trial Wastes Association was held at 
the Davenport Hotel, Spokane, Wash., 
1958.  Approxi- 
mately 230 members and 42 wives were 
registered. 

The technical program was excellent 
and well balanced. One afternoon was 
devoted to coneurrent sessions. High- 
lights of the program included a 


September 


(Continued on page 66a) 


perature changes. 


liners are furnished in two sections. 


PARSHALL FLUME LINERS 


FABRICATED FROM 


Chemstone flume liners are made of asbestos cement material impregnated 
with a special asphaltic compound under pressure. It will withstand shock, 
vibration and is impervious to most acids, alkaline solutions and rapid tem- 


Saves many hours of building forms for concrete pouring and is accurate 
within plus or minus 1/16". Flume liners with throats 3’ to 18" are furnished 


completely assembled for quick, easy installation. For throats 18" to 96" the 


Write today for further details and specifications. 


FILTRATION EQUIPMENT CORPORATION 
273 HOLLENBECK STREET - ROCHESTER, NEW YORK 
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GRAVER WATER CONDITIONING co. 
RESEARCH AND DEVELOPMENT SECTION 


REPORT NO: 197 


Condensate Scav- 
engers=-for power 
plant utilities. 
Equipment for in- 
ternal self-pu- 
rification of 
condensate in 
Sub-critical as 
well as super- 
critical boil- 
er cycles. 


GRAVER 
REPORTS 


ON 
RESEARCH 
AND 


DEVELOPMENT 


Here are the 
Latoct Results 


... of an intensive program of chemical 
research and engineering development carried 
on by Graver Water Conditioning Co. 
with a twofold purpose: 
* to advance the art and science of 
liquid treatment 
* to solve practical problems as they 
arise on individual jobs 
Graver has made, and continues to make, 
studies of all aspects of equipment design, 
operating results and process techniques with the 
view to improving existing methods and 
developing new ones for the treatment of all 
types of liquids. As new achievements are 
realized through this constant search, they are 


AVER WATER CONDITIONING CO. 
AND DEVELOPMENT SECTION 


REPORT NO: 204 


Dialysis Systems 
and Laboratory 
Units—for chem- 
ical processing 
and industrial 
waste treatment. 
Systems for Ssepa- 
ration of acid, 
alkali, neutral 
salt liquors. 


GRAVER WATER CONDITIONING CO 
RESEARCH AND DEVELOPMENT SECTION } 


REPORT NO: 193 


given practical form and made available for the 
benefit of the fields served by Graver: power 
plant utilities, industrial and municipal water 
treatment, industrial waste treatment and 
chemical processing. The products shown on this 
page are but a few of the recent developments 
from Graver’s expanding facilities, now 

the largest in the liquid treatment industry. 


OTHER GRAVER ACHIEVEMENTS 


Iron and Copper Scavengers * Automation, 
Instrumentation and Control * Techniques for 
Prevention of Resin Fouling * The Reactivator® 
Spherical lon Exchange Units * Rota-Rake® Clarifiers 
and Thickeners + Subfill-less Underdrain Designs 
Shericone® Hot Process Sedimentation Units 

Increase of lon Exchange Applications 

Flotation Units * Parabolic Plug Spray Valves 
Sub-Surface Washers 


Write for Detailed Literature, Dept. R 


GRAVER 


GRAVER WATER CONDITIONING CO. 


Division of Union Tank Car Company 


216 WEST 14th STREET, NEW YORK 11, N.Y. 


IN CANADA: GRAVER WATER CONDITIONING CO. 
Division of Products Tank Line of Canada, Ltd. 
268 CHURCH STREET, MIMICO, 
TORONTO 14, ONTARIO 
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GRAVER WATER 
RESEARCH AND D 


Non-Corrosive 
Underdrain — for 
municipal water 
treatment. New 
underdrain for 
gravity filters 
weighs much less 
than other de- 
Signs and im- 
proves backwash- 
ing. 


CONDITIONING co. 
EVELOPMENT SECTION 


REPORT NO: 187 
Monitoring Sys- 


tems—for all 
fields. Systems 
to check and re- 
port malfunction 
in the operation 
of demineraliza- 
tion plants, 
pecially of the 
automatic type- 
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luncheon address entitled ‘‘Publie Re- 
lations and Industrial Wastes—Are 
They Miscible?’’ by C. Montgomery 
Weyerhauser Timber Co., 
Wash. and an_ operators’ 
round table, moderated by Ray Fish, 
Superintendent, Sewage Treatment 
Plant, Medford, Ore. 

The popular annual breakfast and 
‘*bull session,’’ moderated by R. T. 
Smith, Division Manager, Wallace and 
Tiernan Co., Seattle, Wash., was well 
attended. The field trip to the Spo- 
kane sewage treatment plant was inter- 
esting and instructive. 

Panel-type presentations were used 
extensively and to great advantage 
throughout the technical program. 

At the annual banquet Kenneth 8. 
Watson, President, Federation of Sew- 
Industrial Wastes <Associa- 
tions, discussed the ‘‘Challenges Fac- 
ing a Mature Federation.’’ 

The Bedell Award for extraordinary 
service to the Pacific Northwest Associ- 


Johnson, 
l'acoma, 


and 


age 


Economical, Trouble Free 


With 


FREE BOOKLET — Let us send you 
free a 38 page booklet that deals 
of 


specifically with all 
coagulation 


phases 


SEWAGE AND INDUSTRIAL WASTES 


ation was presented to Robert O. Syl- 
vester, Professor of Sanitary Engi- 
neering, University of Washington, 
Seattle, Wash. The Hatfield Award 
for the outstanding report in the field 
of sewage works operation went to 
Andrew J. Wahl, Superintendent of 
the Treatment Plant, Boise, 
Idaho. 


sewage 


At the business meeting the follow- 
ing officers 
1958-59: 


were elected to serve in 


President: Marvin W. Runyan, Port- 
land, Ore. 
Vice-President: Robert O. 

Seattle, Wash. 
FSIWA Director (1961): H. 
Thompson, Portland, Ore. 


Syl vester, 
Loren 


Seerctary-Treasurer: Gilbert H. Dun- 
stan, Pullman, Wash. 


H. DuUNSTAN 
Secretary-Treasurer 


Reduce your water treatment prob- 
lems to a minimum with Ferri-Floc— 
the superior Coagulant — Ferri-Floc 
is a free flowing granular salt that 
can be fed through most standard 
dry feed equipment — It is easy to 
handle and can be stored in closed 
hoppers over long periods of time. 


WATER TREATMENT 

Efficient Coagulation of Surface or 
Well Water — Effective in lime-soda 
ash softening — Adaptable in treat- 
ment of all industrial applications. 


SEWAGE TREATMENT 
Coagulates over wide pH ranges 
and provides efficient operation re- 
gardless of rapid variations of raw 
sewage — Very effective for condi- 
tioning sludge prior to vacuum fil- 
tration or drying on beds. 


COPPER SULFATE sofely controls 
about 90% of microorganism nor- 
mally encountered in water treat- 
ment plants efficiently and more 
economically than 
chemical 


any other 


SULFUR DIOXIDE is used most 
effectively for dechlorination in 
water treatment and to remove ob- 
jectionable odors remaining after 
purification. 
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SEWAGE AND INDUSTRIAL WASTES 


Nichols Herreshoff .. 


for complete sewage 
disposal in... 


Skimmings 


For the cleanest of all sewage sludge 

heat disposal methods, investigate 

NICHOLS HERRESHOFF multiple hearth 
furnaces, designed for modern dis- Screenings 
posal requirements. No odors, no ; 

smoke, no fly ash. Simple, compact, 

thoroughly proved at more than forty 


municipalities. 


NICHOLS ENGINEERING & RESEARCH CORPORATION 
70 Pine Street, New York 5, N. Y. 


3513 N. H St. 405 Montgomery St. 1477 Sherbrooke St. W. 
Re se ds 18, ind. San Francisco 4, Calif. Montreal 25, Canada 
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68a SEWAGE AND INDUSTRIAL WASTES 


DIRECTORY OF ENGINEERS 


(Continued through page 75a) 


ALBRIGHT & FRIEL, INC. 
CONSULTING ENGINEERS 


Water. Sewage, Industrial Wastes and Incineration Problems 
City Planning, Highways, Bridges and Alrports 
Jams, Flood Control, Industrial Buildings 
Investigations, Reports, Appraisals and Rates 


THREE PENN CENTER PLAZA 
PHILADELPHIA 2, PA. 


ALVORD, BURDICK & HOWSON 
Engineers 
Charles B. Burdick Louis R. Howson 
Donald H. Maxwell 
Water Works, 


Water Purification, 
Flood Relief, 


Sewerage, Sewage 


Disposal, Drainage, Appraisals, 
Power Generation 
Civic Opera Building Chicago 


ANDERS@N-NICHOLS 
Hompany 


Consulting Engineers 
Water Supply, Distribution and Treatment, In- 
dustrial Waste Treatment, Sewage Collection and 
Disposal, Refuse Collection and Disposal, Drain- 
age, Highways and Bridges 


Concord, N. H. Boston 14 


Baltimore, Md. 


JOHN J. BAFFA 
Consulting Engineer 


Sewerage & Sewage Treatment 
Industrial Wastes Treatment 
Design Plans & Specifications 
Investigations & Rate Studies 


75 West Street New York 6, N. Y. 


MICHAEL BAKER, JR., Inc. 
Consulting Engineers 
Civil Engineers, Planners, and Surveyors 
Municipal Engineers Airport Design —Sewage Disposal 
Systems——Water Works Design and Operation— Surveys 
and Maps—(City Planning—-Highway Design—Construc- 
tion Surveys—Pipe Line Surveys 


Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Pa. 


BAXTER AND WOODMAN 
Civil and Sanitary Engineers 


Water Supplies 
Sewer Systems 


Water Treatment 
Sewage Treatment 
Industrial Waste Treatment 

Investigations 


P. O. Box 166 Crystal Lake, Ilinols 


THOMAS W. BEAK 
Consulting Biologist 


Pollution Studies 

Stream and Lake Surveys 
Toxicity Tests 

Biological and Chemical Analyses 


Ambherst View, Collins Bay, Kingston, 
Ontario, Canada 


HOWARD K. BELL 


Consulting Engineers 


G. 8. Bett 


G. GAITHER J. K. Latraam 


. W. Finney, Jr. 

Sewerage Water Works 
Sewage Treatment Water Purification 
Refuse Disposal Swimming Pools 
Industrial Wastes 
553 S. LIMESTONE ST., LEXINGTON, KY. 


BETZ LABORATORIES, INC. 
Consulting Engineers 


Industrial Waste 
Industrial Water 


Analysis Design 
Investigations Operation 
Gillingham & Worth Sts. Philadelphia 24, Pa. 


BIOLOGICAL CONSULTANTS 
D. J. Reish 3.L. Barnard G. F. Jones 
Marine and Freshwater Biological Suroeys 
Pollution Studies—effects of sewage and 

industrial wastes—outfall monitoring, 
Marine fouling and wood borer studies, 
Bioassays and toxicity tests, 

. . « General economic oceanography. 


1471 Campus Rd., Los Angeles 42, California 


It pays to secure competent and experienced engineering advice! 
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SEWAGE AND INDUSTRIAL WASTES 69a 


DIRECTORY OF 
ENGINEERS 


BLACK & VEATCH 


Consulting Engineers 
Sewage - Water - Electricity - Industry 
Reports, Design, Supervision 
of Construction, Investigations, 
Valuation and Rates 
1500 Meadow Lake Parkway 
Kansas City 14, Mo. 


BOGERT AND CHILDS 
Consulting Engineers 

Cuiinton L. Bogert Frep §. CHILDS 

Ivan L. BoGERT DoNALD M. DITMARS 
Ropert A. LINCOLN CHARLES A, MANGANARO 

WILLIAM MARTIN 

Water & Sewage Works Refuse Disposal 
Drainage Flood Control 
Highways and Bridges Airfields 


145 East 32nd Street, New York 16, N. Y. 


BOWE, ALBERTSON & ASSOCIATES 


Engineers 


Sewage and Water Works—Industrial 
Wastes—Refuse Disposal—Municipal 
Projects—Industrial Buildings—Reports— 
of 
Construction and Operation— 
Valuations—Laboratory Service 


75 West Street New York 6, N. Y. 


BOYLE ENGINEERING 
Consulting Engineers 
Water — Sewers — Streets 


Structures — Surveys 
Reports—Special Districts 


331 Spurgeon Bidg. 3913 Ohio, Rm. 200 
Santa Ana, Calif. San Diego 4, Calif. 


CONSULTING ENGINEERS! 


If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the... 

Official Journal the 
Sewage and Industrial Wastes Field! 


BROWN AND CALDWELL 
CIVIL AND CHEMICAL ENGINEERS 
WATER - SEWAGE- INDUSTRIAL WASTE 


CONSULTATION - DESIGN - OPERATION 
CHEMICAL AND BACTERIOLOGICAL LABORATORIES 


66 MINT STREET SAN FRANCISCO 3 


BROWN ENGINEERING CO. 


Consulting Engineers 


Water and Sewage Works 
Industrial Waste Control and Treatment 
Laboratory Services 


508 TENTH STREET DES MOINES, IOWA 


FLOYD G. BROWNE AND ASSOCIATES 


F. G. Browne 8. W. Kuhner 
W. G. Smiley C. R. Martin 
G. M. Hinkamp W. H. Kuhn 


Consulting Engineers 
Water - Sewage - Industrial Wastes - Power 
Reports, Designs, Construction 
Supervision, Investigations, 
Laboratory 


123-125 W. Church Street Marion, Ohio 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
Specializing in Sewerage and Sewage Disposal, 


Water Supply and Water Purification, 
Valuations and Reports 


Chemical and Biological Laboratories 
112 East 19th Street New York 3, N. ¥. 


Your firm should be 
listed here 


. .. the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


BURGESS & NIPLE 
Civil and Sanitary Engineers 
Established 1908 
Sewage and industrial wastes disposal 
Investigations, reports, design, rates 
Laboratories, Plant Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


Take advantage of the services of these outstanding consultants! 
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SEWAGE AND INDUSTRIAL WASTES 


BURNS & McDONNELL 


Engineers - Architects - Consultants 
KANSAS CITY, MO. 
P.O. Box 7088 
Phone: DElmar 3-4375 


DIRECTORY OF 
ENGINEERS 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 
Research and Development 
Flood Control 


6 Beacon St. Boston 8, Mass. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 


Designs and Surveys Roads and Streets 
Planning Airports 
Bridges Dams 


Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage Treatment 
Industrial Waste Disposal and Recovery 
Power Plants—Incineration—Gas Systems 
Valuations—Rates—-Management 
Laboratory 


601 Suismon St., Pittsburgh 12, Penna. 


CHAS. W. COLE & SON 
Engineers ~ Architects 
Municipal Industrial 

Commercial 
220 W. LaSalle St., South Bend, Ind. 
Phone 4-0127 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply—Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting-—Paving—Light 
and Power Plants. Appraisals. 


360 East Grand Ave. Chicago 11, Il. 


CONSULTING BIOLOGISTS 
Thomas Dolan Charles B. Wurtz 
Freshwater and Marine Pollution Surveys 

Biological Surveys of Sewage and 

Industrial Wastes 
Effects of Pollution 
Self-Purification Capacity Studies 
Analyses, Chemical and Bacteriological 
Bioassays 
Investigations and Reports 
610 Commercial Trust Bldg. 
Philadelphia 2, Pa. 


Damon & Foster 


Consulting Ciotl Engineers and 
Surveyors 
Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


ONLY $66 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


Your firm should be 
listed here 


the most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat- 
ment. 


CATHODIC PROTECTION 


Engineering—Surveys—Design— 
Installation 


Electro Rust-Proofing Corp. 


A Subsidiary of Wallace & Tiernan, Incorporated 
Belleville 9, New Jersey 


It pays to secure competent and experienced engineering advice! 
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SEWAGE AND INDUSTRIAL WASTES 


DIRECTORY OF 
ENGINEERS 


ROY B. EVERSON 


Sewage and industrial wastes treatment, cit 
water purification, and complete swimming 
systems—Filtration Experience since 1900 
Valuations —Reports— Research— Development 
207 W. Huron St., Chicago 10, Il. 
SUperior 7-3339 


FAY, SPOFFORD & THORNDIKE, INC. 
ENGINEERS 
Water Supply and Distribution—Drainage 
Sewerage and Sewage Treatment 
Airports—Bridges—Express Highways 
Port and Terminal Works—Industrial Plants 
BOSTON 8, MASSACHUSETTS 


ONLY $66 PER YEAR 


is the cost of a _ professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


FINKBEINER, PETTIS & STROUT 


Carieton 8. Finksetner E. Perris 
K. Strout 


Consulting Engineers 
Water Supply, Water Treatment, Sewerage, 
Sewage Treatment, Wastes Treatment, 
Bridges, Highways & Expressways 


2130 Madison Avenue Toledo 2, Ohio 


FREESE & NICHOLS 
FORT WORTH, TEXAS 
FREESE, NICHOLS, TURNER & COLLIE 
HOUSTON, TEXAS 


Industrial and Municipal Engineering— 
Water Supply and Purification——Sewerage 
and Industrial Waste Treatment—High- 
ways and Structures--Dams—Drainage 
Works—- Airports— Investigations— Valua- 
tion—- Design and Supervision 


FROMHERZ ENGINEERS 
Structural - Civil - Sanitary 
Four Generations Since 1867 

Water Supply; Sewerage; Structures; 

Drainage; Foundations 
Industrial Waste Disposal 

Investigations; Reports; Plans and 

Specifications ; Supervision 


816 Howard Avenue New Orleans 12, La. 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Dams, Water Works, Sewage, Industrial Wastes & Gar- 
bage Disposal, Highways, Bridges & Airports, Traffic & 
Parking— Prenat Investigations & Reports. 
HARRISBURG, PENNA. 


Branch Offices: Pittsburgh, Pa. Philadel- 
phia, Pa. Daytona Beach, Fla. 


CONSULTING ENGINEERS! 
If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 

Official Professional Journal of the 

Sewage and Industrial Wastes Field! 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


P.O. Box 1498 
New York READING. PA. Washington 


GREELEY & HANSEN 


Engineers 


Samuel A. Greeley Paul Hansen (1920-1944) 
Paul E. Langdon Kenneth V. Hill 
Thomas M. Niles Samuel M. Clarke 


Water Supply, Water Purification 
Flood Control, Drainage, Refuse Disposal 
Sewerage, Sewage Treatment 


220 S. State Street, Chicago 4 


FRANK E. HARLEY AND ASSOCIATES 
Consulting Engineers 
Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes and Garbage Disposal 
Municipal Improvements Town Planning 
Surveys 
Design, Supervision and Operation 


260 Godwin Avenue Wyckoff, N. J. 


Take advantage of the services 


of these outstanding consultants! 
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SEWAGE AND INDUSTRIAL WASTES 


HARRIS-DECHANT ASSOCIATES 


Frederick H. Dechant Consulting Engineer 


Water Works. Industrial Wastes, Sewerage, 


Recovery Processes, Hydraulic Works, 
Natural Gas Transmission and Distribution. 


123 S. Broad St. Philadelphia 9, Pa. 


DIRECTORY OF 
ENGINEERS 


HASKINS, RIDDLE & SHARP 
Consulting Engineers 


Water—Sewage & Industrial Wastes— Hydraulics 
Reports, Design, Supervision of Construction 


Appraisals, Valuations, Rate Studies 


1009 Baltimore Ave. Kansas City 5, Mo. 


Your firm should be 
listed here 


. the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


HAVENS AND EMERSON 


A. A. Burger H H. Moseley 


J. W. Avery F. S. Palocsay 
E. S. Ordway G. H. Abplanalp 
A. M. Mock S. H. Sutton 


Frank C. Tolles, Consultant 
Consulting Engineers 
WATER, SEWERAGE, GARBAGE, INDUSTRIAL 
WASTES, VALUATIONS—LABORATORIES 
Leader Bldg. Woolworth Bldg. 
Cleveland 14, O. New York 7, N. Y¥. 


HAZEN AND SAWYER 
ENGINEERS 

ALrrep W. SawyYern 
. E. Hupson, Jr. 


Water and Sewage Works 
Industrial Waste Disposal 
Drainage and Flood Control 


122 East 42nd St. 3333 Book Bullding 
New York 17, N. Y. Detroit 26, Mich. 


Ricuarp Hazen 
H 


HENNINGSON, DURHAM 
& RICHARDSON, INC. 


Consulting Engineers and Architects since 1917 
for more than 700 cities and towns 
Water Works, Light and Power, Sewers, Sewage 
Treatment, Reports, Flood Control, Appraisals, 
Drainage, Industrial Works 


2962 Harney St. Omaha 2, Nebraska 


HORNER & SHIFRIN 
Consulting Engineers 


E. E. Boss V. C. Liscuer 


Airports, Sewerage & Drainage, Hydrology, 
Sewage Treatment, Industrial Waste Treatment, 
Water Supply & Treatment, Paving, Structures, 

Industry Engineering Services 


1221 Locust Street St. Louis 3, Mo. 


GRIT AND HEAVY SLUDGE REMOVAL 
CONCRETE RESTORATION 
SEWAGE AND WATER WORKS 


HUDSON -RUMSEY CO., INC. 


Professional Engineers 


1679 Niagara St. 
Buffalo 7, N. Y. 


CONSULTING ENGINEERS! 
If you specialize in sewage and indus 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 

Official Professional Journal of the 

Sewage and Industrial Wastes Field! 


WILLIAM T. INGRAM 
Consulting Engineer 
Sanitary and Public Health Engineering 
Planning—Design—-Research —Water 
Sewage—Refuse—Industrial Wastes 
Air Pollution Control—Industrial Health 


20 Point Crescent, Whitestone 57, N. Y. 


It pays to secure competent and experienced engineering advice! 
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SEWAGE AND INDUSTRIAL WASTES 73a 


DIRECTORY OF 
ENGINEERS 


The Jennings-Lawrence Co. 
Civil and Municipal Engineers 
Consultants 
Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 
Reports— Design—Construction 


1392 King Ave. Columbus 12, Ohio 


JONES, HENRY & WILLIAMS 


Consulting Sanitary Engineers 


Water Works 
Sewerage & Treatment 
Waste Disposal 


Security Bldg. Toledo 4, Ohio 


ONLY $66 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


KAIGHIN AND HUGHES 
ENGINEERS 
INDUSTRIAL WASTES DIVISION 
E. B. BESSELIEVRE, MGr. 

STUDY - DESIGN - EQUIPMENT - CONSTRUCTION 
1080 Atlantic Ave. Toledo 1, Ohio 


KEIS & HOLROYD 


Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 


Water Supply and Purification, Sewerage and 
Sewage Treatment, Garbage and Refuse 
Disposal and Incineration, Industrial 
Buildings. 


TROY, NEW YORK 


OF 
E C. KENN 
offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design 
Supervision of Construction and 
Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION ST., SAN FRANCISCO 5 


MORRIS KNOWLES Inc. 


Engineers 


Water Supply and Purification, Sewer- 
age and Sewage Disposal, Valuations, 
Laboratory, City Planning. 


1312 Park Bldg. Pittsburgh 22, Pa. 


KOEBIG AND KOEBIG 


Consulting Engineers Since 1910 
Investigations, Reports, Designs 
Sewerage & Sewage Treatment 

Water Supply & Water Treatment 
Municipal Engineering 


3242 West 8th Street, Los Angeles 5, Calif. 


LANNING 
Sanitary Engineering Co., Inc. 
Consulting Engineers 
Water, Sewage, Drainage, and Industrial Wastes 


Reports, Designs, Supervision 
Of Construction and Operation 


Chemical & Biological Laboratory 
1100 South Broad St. Trenton, N. J. 


Wm. S. Lozier Co. 
Consulting Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 
10 Gibbs Street Rochester, 4, N. Y. 


GEORGE B. MEBUS, Ince. 


Consulting Engineers 
Water Supply Sewage Treatment 
Industrial Waste Treatment 
BROAD STREET TRUST BUILDING 
GLENSIDE, PA. 


Take advantage of the services of these outstanding consultants! 
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METCALF & EDDY 
Engineers 
Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 
Laboratory Valuations 
Airports 


Statler Building 
Boston 16 


DIRECTORY OF 
ENGINEERS 


Nussbaumer, Clarke & Velzy, Inc. 
Consulting Engineers 
SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION—DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 
327 Franklin St., Buffalo, N. Y. 

500 Fifth Ave., New York 36, N. Y. 


PARSONS, BRINCKERHOFF, 
HALL & MACDONALD 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste Problems 


Structural Power — _ Transportation 


165 Broadway New York 6, N.Y. 


Your firm should be 
listed here 


the most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat- 
ment. 


PIATT & DAVIS 
AND ASSOCIATES 


P. D. DAVIS W. M. PIATT, Ill 
Ci lting, Designing, and Supervising Engineers 


Water Works, Sanitary Sewers, Water Purification 
Sewage Treatment, Streets, Power Plants 
Electrical Distribution, Reports and Appraisals 


One Eleven Corcoran St. Bidg. Durham, WN. C. 


MALCOLM PIRNIE ENGINEERS 


Civil and Sanitary Engineers 
Malcolm Pirnie Ernest W. Whitlock 
Robert D. Mitchell Carl A. Arenander 
Malcolm Pirnie, Jr. 
Investigations, Reports, Plans 
Supervision of Construction 
and Operations 
Appraisals and Rates 


25 West 43rd Street New York 36, N. Y. 


LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes; Investigations 
& Reports; Design; Supervision of 
Construction & Operation 


Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


RESOURCES RESEARCH, INC. 


Municipal and Industrial Air Pollution Control, 
Water Supply, Sewage Disposal, Public Health 
Reports, Investigations, Research 


Louts C. McCase, Pres. 


1246 Taylor St., N.W. Washington 11, D.C. 


THOMAS M. RIDDICK 


Consulting Engineers and Chemists 


Municipal and Industrial Water Purification, 
Sewage Treatment Plant Supervision, 
Industrial Waste Treatment 
Laboratones for Chemical and Bacteriological 
Analyses 


369 E. 149th St. New York 55, N.Y. 


RIPPLE AND HOWE, Inc. 
Consulting Engineers 
O. J. Rippte V. A. VASEEN B. V. Howe 
Appraisals—Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 
833-35 Twenty-Third St. Denver 5, Colorade 


It pays to secure competent and experienced engineering advice! 
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SEWAGE AND INDUSTRIAL WASTES 


DIRECTORY OF 
ENGINEERS 


RUSSELL AND AXON 
Consulting Engineers 
Civil — Sanitary — Structural 
Industrial — Electrical 
Rate Investigations 
408 Olive St., Municipal Airport 
St. Louls 2, Mo. Daytona Beach, Fla. 


SMITH and GILLESPIE 
Cc Iting Engi 


™s 


All types of 
Municipal Public Works & 
)tilities 


Complete Services 


P. O. Box 1048, Jacksonville, Fla. 


STANLEY 
ENGINEERING COMPANY 


Consulting Engineers 


Hershey Bui 


208 S. LaSalle Street 
Chicago 4, Ulinois 

1154 Hanna Building 

Cleveland 15, Ohio 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 
Water Supply—Sewerage—Waste Disposal 
Bridges— Highways—Industrial Buildings 
Studies—Surveys— Reports 


245 N. High St. Columbus 15, Ohio 


CONSULTING ENGINEERS! 
If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the . 


Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


J. STEPHEN WATKINS 
J. S. Watkins G. R. Watkins 
CONSULTING ENGINEERS 
Municipal and Industrial Engineering, Water 
Supply and Purification, Sewerage and Sewage 
Treatment, Highways and Structures, Reports, 
Investigations and Rate Structures. 
251 East High Street Lexington, Kentucky 
Branch Office 
4726 Preston Highway Louisville, Kentucky 


ROY F. WESTON, INC. 
Engineers—Biologists—Chemists 
Industrial Wastes 
Stream Pollution--Air Pollution 
Water—Sewage 
Surveys—Research— Development— Process 
Engineering — Plans and Specifications — 
Operation Supervision — Analyses — Evalua- 
tions and Reports 
Newtown Square 


Pennsylvania 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply Water Purification 
Corrosion Control 
Sewerage, Sewage and Industrial 

Wastes Treatment 

Stream Pollution Studies 

Supervision, Valuation 

Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 


Sewerage, Sewage Disposal, Municipal and In- 

dustrial Development Problems, Water Supply 

Water Purification, Water Front Improvements, 

Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


Your firm should be 
listed here 


... the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial 
wastes treatment. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 
Civil — Sanitary — Structural 
Mechanical — Electrical 
Reports, Plans, Supervision, Appraisals 
1304 St. Paul Street Baltimore 2, Maryland 


Take advantage of the services of these outstanding consultants! 
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FSIWA PUBLICATIONS 


MANUALS OF SEWAGE AND INDUS- 
TRIAL WASTES PRACTICE 


Manual Price to Price to 
Number Title Members* Non-Members* 
1 Safety in Wastewater Works.... ; $0.75 $1.50 
2 Utilization of Sewage Sludge as Fertilizer. $0.75 $1.25 
3 Municipal Sewer Ordinances. . $0.50 $1.00 
4 Chlorination of Sewage and Industrial 
Wastes.... $1.00 $1.25 
5 Air Diffusion in Sewage Works... $1.00 $1.25 
6 Units of Expression for Wastes and Waste 
pi $0.25 $0.50 
Multiple wire binder for above manuals... $2.00 $2.00 
8 Sewage Treatment Plant Design......... $3.50 $7.00 
Uniform System of Accounts for Sewer 
Utilities (mimeographed)................ $5.00 $5.00 
* Discount of 15% on orders for 12 or more copies of any one manual. 


OTHER FEDERATION PUBLICATIONS 


SEWAGE WORKS JOURNAL INDEX, Volumes 1-20, 1928-1948, 
buckram, $4.50. 


Glossary—-Water and Sewage Control Engineering, paper cover, $1.00. 


Order manuals by number. When remittance accompanies order, 
postage is prepaid. If an invoice is necessary, postage will be added. 
Checks may be made payable to FSIWA. 


FEDERATION OF SEWAGE AND INDUSTRIAL 
WASTES ASSOCIATIONS 
4435 Wisconsin Avenue, Washington 16, D. C. 
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SEWAGE AND INDUSTRIAL WASTES 


INDEX TO ADERTISERS 


American Cast Iron Pipe Company .............. 
Armco Drainage and Metal Products ............. 
B-I-F Industries, Incorporated 
Cast Iron Pipe Research Association ............. 
Chicago Pump Company 


Combustion Engineering (Raymond Division) 


Filtration Equipment Corporation 
Flexible Incorporated 
Graver Water Conditioning Company 
Homestead Valve Manufacturing Company 
Inertol Company, Incorporated 
Infilco Incorporated ............. 
Keasbey and Mattison Company ....... 
Lock Joint Pipe Company 
Nichols Engineering and Research Corporation 
Pacific Flush Tank Company 


Simplex Valve and Meter Company (Subsidiary of Pfaudler Permutit Incorporated) 4 


Tennessee Corporation 
United States Pipe and Foundry Company 
Vapor Recovery Systems Company 


Walker Process Equipment Incorporated 
Western Machinery Company ............. 


Wallace and Tiernan Incorporated .... 
Yeomans Brothers Company 


Vulcan Materials Company (Concrete Pipe Division) ...... 


. 48a, 49a 
52a 
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DIRECTORY OF ENGINEERS, 68a-75a 


Albright and Friel, Inc. 

Alvord, Burdick & Howson 
Anderson-Nichols & Company 
Baffa, John J. 

Baker, Michael, Jr., Inc. 

Baxter and Woodman 

Beak, Thomas W. 

Bell, Howard K. 

Betz Laboratories, Inc. 

Biological Consultants 

Black & Veatch 

Bogert and Childs 

Bowe, Albertson & Associates 
Boyle Engineering 

Brown & Caldwell 

Brown Engineering Co 

Browne, Floyd G., and Associates 
Buck, Seifert & Jost 

Burgess & Niple 

Burns & McDonnell 

Camp, Dresser and McKee 
Capitol Engineering Corp. 
Chester Engineers, The 

Cole, Chas. W. & Co. 

Consoer, Townsend & Associates 
Consulting Biologists: Dolan and Wurtz 
Damon & Foster 

Electro Rust-Proofing Corp. (N. J.) 
Everson, Roy B 

Fay, Spofford & Thorndike, Inc. 
Finkbeiner, Pettis & Strout 
Freese & Nichols 

Fromherz Engineers 

Gannett Fleming Corddry & Carpenter, Inc. 
Gilbert Associates, Inc. 

Greeley & Hansen 

Harley, Frank E., and Associates 


Harris-Dechant Associates 
Haskins, Riddle & Sharp 

Havens and Emerson 

Hazen and Sawyer 

Henningson, Durham & Richardson, Inc. 
Horner & Shifrin 

Hudson-Rumsey Co., Inc. 

Ingram, William T 
Jennings-Lawrence Co. 

Jones, Henry & Williams 

Kaighin and Hughes 

Keis & Holroyd 

Kennedy, Clyde C. 

Knowles, Morris, Inc. 

Koebig & Koebig 

Lanning Sanitary Engineering Co., Inc. 
Lozier, Wm. S., Company 
Mebus, George B., Inc 

Metcalf & Eddy 

Nussbaumer, Clarke & Velzy, Inc. 
Parsons, Brinckerhoff, Hall & Macdonald 
Piatt & Davis and Associates 
Pirnie, Malcolm, Engineers 
Purcell, Lee T. 

Resources Research, Inc. 

Riddick, Thomas M. 

Ripple & Howe, Inc. 

Robert and Company Associates 
Russell and Axon 

Smith & Gillespie 

Stanley Engineering Company 
Stilson, Alden E., & Associates 
Watkins, J. Stephen 

Weston, Roy F., Inc. 

Weston & Sampson 

Whitman & Howard 

Whitman, Requardt & Associates 


PATRONIZE OUR ADVERTISERS—whose support makes possible the pub- 


lication of this journal. 


AND INDUSTRIAL WASTES. 


When writing advertisers be sure to mention SEWAGE 
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SEWAGE AND INDUSTRIAL WASTES 


RECORD MAKING 
TRUCK-LODER FEATURES 


¢ No Manual Bucket Dumping! 
© No Shoveling from Street to Truck! 


e No Street Clean-up because no deposit is dumped 
on street! 


New Sure-Lock Clutch lets you “free spool” without 
delay to disengage cable drum! 


New Instant Dual Speed Transmission* shifts into 
low or high speed instantly without clash of gears! 


*available at extra cost. 


eer ; 3786 DURANGO AVE., LOS ANGELES 34, CALIF. 
FLEX BLE 1005 SPENCERVILLE ROAD, LIMA, OHIO 


415 SOUTH ZANGS BLVD., DALLAS, TEXAS 
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LOCK JOINT ROLLER SUSPENSION PIPE with the 
FLEXIBLE JOINT RUBBER GASKET is the ideal 
answer to installations requiring highest quality 
sewer or culvert pipe and maximum protection 
against ground water infiltration. 


This pipe, produced in diameters from 12” to 72” 
and in standard lengths of eight feet is manu- 
factured by an unique process which develops 
unusually strong, dense concrete, highly resistant 
to abrasion. Its joint ends, of almost machined 
accuracy, are particularly adaptable to the Lock 
Joint Flexible Joint Rubber Gasket. 


This gasket gives effective relief from infiltration 
into the pipeline and permits the joint to be opened 
up to %4” without endangering its tightness. This 
feature pes adds considerably to the ease and 
speed with which the line can be installed. 


The ‘Flexible Joint’’ gasket permits ample deflec- 
tion to accommodate normal ground settlement. 


Lock Joint also produces conventional machine 
made and cast concrete sewer and culvert pipe 
ranging from 6” to 120” and upward in diameter. 
All Lock Joint Pipe may be designed to comply with 
A.S.T.M., state highway or individual specifications 


LOCK JOINT PIPE co. 


East Orange, New Jersey 


Sewer and Culvert Pipe Plants: 


Kenilworth, New Jersey 
Hartford, Connecticut 
New Haven, Connecticut 


Beloit, Wisconsin Okiah 


Valley Park, Missouri 
N. Kansas City, Missouri 
Tulsa, Oklahoma 


Cheyenne, Wyoming 
Casper, Wyoming 
Tucumcari, New Mexico 


City, Oklah Hato Rey, Puerto Rico 


Chicago, Illinois 
Rock Island, Illinois 


Wichita, Kansas 
Denver, Colorado 


Ponce, Puerto Rico 
Caracas, Venezuela 


Also Great Lakes Concrete Pipe Company with plants at Buffalo, N. Y. and Henrietta, N. Y. 


LANCASTER PRESS, IN« 


LANCASTER, PA, 
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There’s 
: rn oO Because a V-notch Chlorinator needs no auxiliary water suppl 


Ww You can plan on clean, dry chlorinator rooms with no 
aste messy drain—no chlorine gassing back. And best of all... 
wate H gone forever is the high cost of wasted auxiliary water. 


from ee And, of course, the right plastics make the whole 


chlorinator chlorine-proof. 
V-notch 


Yet these are just added benefits to the main job: 
Simple, dependable, wide range chlorine control. The kind 
of control you get only with a W&T V-notch Chlorinator. 
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A booklet, “The V-notch Story” 
will tell you about all the W&T V-notch 


Chlorinator features. For your copy 
write Dept. S-129.84. 


WALLACE & TIERNAN INCORPORATED 


2S MAIN STREET. SBELLEVILLE 9, NEW JERSEY 
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